Silans in some Brunizem soils by Arnold, Richard Warren
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1963
Silans in some Brunizem soils
Richard Warren Arnold
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Arnold, Richard Warren, "Silans in some Brunizem soils " (1963). Retrospective Theses and Dissertations. 2372.
https://lib.dr.iastate.edu/rtd/2372
This dissertation has been 63-7241 
microfilmed exactly as received 
ARNOLD, Richard Warren, 1929-
SILANS IN SOME BRUNIZEM SOILS. 
Iowa State University of Science and Technology 
Ph.D., 1963 
Agriculture, general 
University Microfilms, Inc., Ann Arbor, Michigan 
SILANS IN SOME BRUNIZEM SOILS 
Richard Warren Arnold 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Soil Morphology and Genesis 
Approved: 
In Charge of Major Work 
Head of Major Department 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
\ 
1963 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
11 
TABLE OF CONTENTS 
Page 
INTRODUCTION . 1 
FART I. SILAN CHARACTERISTICS IN BRUNIZEM AND 
ASSOCIATED SOILS 4 
HISTORICAL ASPECTS 5 
Presence of Light Colored Fed Coatings 5 
Socue Properties of Light Colored Fed Coatings . . 8 
Proposed Concepts of Development 9 
. Terminology 1-3 
CHARACTERIZATION OF SILANS- 17 
Sources of Sllenlc Material 17 
Methods Employed 22 
Silan Characteristics 24 
Morphology of Silans 43 
SILANS: THEIR DEFINITION, IDENTIFICATION AND 
CLASSIFICATION 63 
Definition of s Silan 63 
Identification of Silans 64 
Classification of Silans.• 67 
COMPENDIUM OF SILAN CHARACTERISTICS 74 
Interpretations 74 
Conclusions 78 
PART II. SUBSOIL SILANS IN RELATION TO BRUNIZEM SOILS 81 
MORPHOLOGY OF BRUNIZEM AMD ASSOCIATED SOILS 82 
FIELD OBSERVATIONS 86 
Random Sites. ...... 86 
Selected Sites 91 
AREAL DISTRIBUTION OF BRUNIZEM SOIL HAVING SILANS 
IN THE LO..ER B HORIZON 94 
ill 
Page 
DISTRIBUTION OF SILANS II\ SOIL PROFILES 98 
Kenyon-Floyd-Clyde Soil Association 98 
Tama-Muscatine Soil Association 107 
EVALUATION OF DISTRIBUTION PATTERNS 114 
PART III. GENESIS AND CLASSIFICATION OF SOILS 
HAVING SILANS 117 
EVALUATING SOIL DEVELOPMENT 118 
Requisites 118 
Evaluating Brunizem Soils 120 
FIELD EVALUATION 124 
Site Selection 124 
Horizon Morphology 129 
Soil Sampling 132 
LABORATORY EVALUATION 133 
Analytical Methods 133 
Profile Characterization 140 
GENESIS OF A LOESS-DERIVED BRUNIZEM SOIL 
CONTAINING SJdSOIL SILANS 153 
Quantitative Pedogenesis of Clay 154 
Brunizemic Characteristics 172 
Sequence of Events on the Sunbury Flat in 
Cedar County 175 
The Palermo Flat Profile 181 
Classification of a Brunizern with Subsoil Silans. 183 
Consequences of Classification 185 
DISCUSSION: GENESIS OF SILANS IN LOITER SUBSOILS 
OF BRUNIZEM SOILS. . . . ' 187 
Occurrence of Silans 187 
Some Processes Involved in Silan Development. . . 188 
Factors of Soil Formation Relevant to 
Silai. Development 189 
A Simplified Model of Silan Development 192 
iv 
Page 
SUMMARY. 199 
The Problem 199 
The Approach. 199 
Silans 200 
Brunizems with Subsoil Silans 201 
Pedogenesis of Two "Tama11 Soil Profiles 204 
Genesis of Silans 205 
LITERATURE CITED 209 
ACKNOWLEDGMENTS 219 
APPENDIX A. SOIL DESCRIPTIONS OF THE PALERMO FLAT 
AND SUNBURY FLAT PROFILES 220 
Palermo Flat Profile 220 
Sunbury Flat Profile 226 
APPENDIX B. SAMPLE CALCULATIONS FOR QUANTITATIVE 
EVALUATION OF CLAY CHANGES 2-33 
Calculations for Sample at 32 inch Depth 234 
1 
INTRODUCTION 
Because most soil development transcends the time span of 
man's objective studies of soils, the genesis of most soils 
cannot be observed, nor can the genesis of a single soil 
property be readily observed or analyzed. The complex inter­
relations of physical, chemical, and biological reactions can 
only be approximated. Therefore, the evaluation of soil 
development is usually based on the concepts of genesis 
deduced from morphological observations and their assumed 
cause and effect relationships with associated factors, such 
as vegetation and climate• 
This study Is an outgrowth of previous observations of 
certain soil morphological features and their assumed genetic 
significance. One of the more striking morphological features 
considered in this study Is the presence of whitish-colored 
silt and sand grains partially covering soil structural units 
in the lower subsoils of some Brunizem soils which have thick, 
dark colored surface horizons. These soils, formerly called 
Prairie soils but presently named Brunizem soils, occur in 
the temperate, subhumld region and are thought to have gen­
erally developed under tall prairie grass vegetation. The 
accumulation of humified organic matter from the grass litter, 
including leaves, stems and roots, results in the darkening 
of the soil material to depths of 6 to 20 inches. 
The presence of the light colored granular material in 
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the lower subsoils of Brunizem soils is not considered to be 
a common characteristic of typical or normal Brunizem soils. 
These grainy coatings are thought to be an extra morphological 
feature in these cases and the soils in which they occur may 
be considered as variants of the typical Brunizem soils. 
Previous soil workers have suggested that because these 
light colored ped coatings are similar to morphological 
features of Gray-Brown Podzolic soils (soils developed under 
a forest vegetation) these coatings presently observed in 
Brunizem soils may be relic features. 
Soils with properties transitional to those of typical 
Brunizem and typical Gray-Brown Podzolic soils have been 
called "Intergrade" or "transition" soils and many of the 
soils considered in this study have properties of both great 
soil groups. Although the dark colored surface horizons and 
weakly developed subsoil horizons Indicate that these soils 
may be considered as Brunizem-Gray-Brown Podzolic intergrade 
soils, the precedent is to call them Gray-Brown Podzolic-
Brunizem Intergrade soils and is done so in this study. 
An exploratory examination of these aberrant soils and 
their relationship to the typical Brunizem soils constitutes 
this present study. Three types of Investigations were car­
ried out: (a) the characterization of the light colored 
granular material coating the soil peds, (b) the collection 
of field and published observations related to the occurrence 
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of Brunizem soils having light colored ped coatings in their 
lower subsoils, and (c) an evaluation of selected properties 
of a loess-derived Brunizem soil having the light colored ped 
coatings in its lower subsoil with regard to the probable 
course of soil development. 
In this study the term "silan" is defined and used as 
being synonymous with the previously described light colored, 
grainy ped coatings. 
The general objective of this study is to provide data 
and concepts that lead to a better understanding of Brunizem 
soils which have silans in their lower subsoils. The specific 
objectives of the investigations are: 
1. To determine some characteristics of silans 
(a) that will aid in defining and identifying them 
in Brunizem soils and 
(b) that may indicate some of the processes involved 
in their genesis ; 
2. To determine the relationship of Brunizem soils to the 
presence of silans in their lower B horizons; 
3. To evaluate the distribution of such soils with 
regard to conditions which might favor the develop­
ment of silans; 
4. To elucidate and evaluate the pedogenesis of a 
Brunizem soil having subsoil silans 
(a) with regard to its classification and 
(b) with regard to the development of silans. 
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PART I. SILAN CHARACTERISTICS IN BRUNIZEM 
AND ASSOCIATED SOILS 
5 
HISTORICAL ASPECTS 
Presence of Light Colored Ped Coatings 
Light colored, grainy coatings on ped surfaces have long 
been noted in diverse soils. Among the great soil groups 
represented are the Gray-Brown Podzolic soils, Gray Wooded 
soils, Solonetz soils, Chernozems, and Brunlzems. 
In a 1902 soil publication of the Dubuque, Iowa, area, 
Pippin (19, p. 582) reported 
. . .  a  n o t i c e a b l e  p e c u l i a r i t y  o f  t h e  s u b s o i l  i s  
its tendency when dry to form innumerable Joint 
planes that cut the material into small angular 
clods. Along each of these planes there is found 
a very fine white sand. 
Later Hawker and Johnson's (29, p. 26) description of the 
Memphis silt loam, a Gray-Brown Podzolic soil, noted that: 
Immediately above the compact subsoil the lower 
part of the soil layer is gray in color or contains 
considerable grayish material. Thin grayish films 
lie between the granules which often occur in the 
deeper subsoil. 
Orrben and Leighty (45) described the Clinton soils, Gray-
Brown Podzolic soils, as having gray sprinklings on peds. 
Aandahl and Simonson (l) noted that Fayette silt loam, a Gray-
Brown Podzolic soil, had sprinklings of light gray particles 
in the B horizon from 16-33 inches that were most apparent 
when dry. 
In the comprehensive report (18) on loess-derived Gray-
Brown Podzolic soils in the upper Mississippi valley, the 
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Fayette and Clinton soils are characterized as having aggre­
gates usually sprinkled with light gray silt in the Ag hori­
zons and moderate gray coatings, usually sllty, in the B hori­
zons . 
Most of the Gray Wooded soils described in the Soil Sur­
vey Laboratory Memorandum No• 1 (80) contain references to 
distinct gray "silica" coatings on the structural units in 
the B]_ and B21 horizons. 
Tavernier and Smith (74) state that a common variant of 
the typical profiles of Gray-Brown Podzolic soils has a well 
developed fraglpan at 20 to 40 inches and with either heavy 
bleached silt coatings on the ped surfaces of the B above the 
fraglpan or with a distinct bleached horizon of eluviation 
between the B and the fraglpan. The Gray-Brown Podzolic soils 
in Iowa typically do not have fraglpan horizons. In the Gray-
Brown Podzolic soils with strongly acid Ag horizons in New 
York, Frei and Cline (22) noted the presence of thin, light 
gray silt and sand coatings extending from the Ag downward 
around the aggregates of the upper B. 
Retzer and Simonson (52) commented that lighter colored 
ped coatings were occasionally no more than sprinklings of 
light gray or white particles on structure faces and noted 
the presence of this type of coating in several Solonetz-llke 
soils. They state that these coatings have been called quartz 
flour, "podzol dust" and "silica flour11 by other workers. 
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Russian soil scientists have reported silica coatings in 
many soils of which the following types are examples: Sod 
Forest soils (40); Typical Chernozem soils (36); Loamy Podzol 
soils (46); Podzolic Chernozem, Dark Gray, and Gray soils from 
the Dark Forest group (56); and in alluvium along the Moscow 
River (97). 
Marbut (41) made reference to the presence of light 
colored grains in the darkened surface horizon of some Prairie 
soils which he thought might indieste degraded Prairie soils. 
In their comprehensive report of Prairie soils, Smith et al. 
(73, p. 169) mention areas of loess-derived Tama soils in 
eastern Iowa and northwestern Illinois in which "... the B 
horizon has moderate-to-heavy coatings of light grey silt on 
structural aggregates"; however, they did not include any 
detailed descriptions of these soils. Since their report in 
1950 a few descriptions of loess-derived Brunizem (Prairie) 
soils which contain either "grainy gray" or "silica" coatings 
on structural unit faces in the B horizon have been published 
(65, 76, 77, 81, 82, 84). These "grainy, gray ped coatings" 
have not been considered a common characteristic of typical 
Brunizem soils in Iowa. 
As more soil studies were undertaken in the lowan drift 
area of northeast Iowa the presence of grainy gray ped coat­
ings was reported in both some Gray-Brown Podzolic soils and 
some Brunizem soils. Profile data for some of these soils 
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have been reported by White and Rlecken (20, 91), Soileau 
and Riec-ien ( 70), Phillips and Riec^en (48), and Tyler _et al. 
(77). This- recognition of grainy, gray ped coatings in the 
lower S horizons of otherwise normal Brunizem soils has moti­
vated this present study. 
Some Properties of Light Colored Ped Coatings 
According to the descriptive terms utilized for the light 
colored sprinklings on soil peds it may be inferred that they 
are thought to be siliceous material of silt end send sizes. 
As the coatings have morphological expression, it is implied 
that they have characteristics differing from either (a) other 
ped coatings or (b) the interiors of the peds on which they 
occur. 
In a mineraloglcal comparison of "soil" and "powder" from 
a Gray Forest soil, Rode (56) found that the powder occurring 
on ped surfaces contained more quartz (6 to 21.0, less clay 
aggregates (11 to 21,-) and less vegetable and worm remainders 
(l to 2;®), reported as percent of total mass, than the asso­
ciated soil. The feldspar, mica and accessory minerals did 
not show a consistent relationship between the powder and soil ; 
however, the quartz to feldspar ratio was greater in the 
powder in three out of four examples cited. 
Grossman (25) studied several types of ped alterations. 
In the type having clanched silt and sand on the surface he 
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recognized two extreme groups: (a) those where the blanched 
grains disappeared on wetting and had no effect on moist soil 
color and (b) those where the grains were thick enough to form 
micro-relief and influence the moist soil color. He found 
that the surfaces tend to have less clay, and coarser silts 
than the interiors. In addition, he reported that a lower 
"free-iron" content of clays and blanching of ped surfaces 
were correlative. 
Proposed Concepts of Development 
Currently there are two general concepts concerning the 
development of light colored grainy ped coatings. The more 
widely held opinion is that the surfaces are degradations! 
and the whitish grains are comprised of residual in situ mate­
rial. Frei and Cline (22, p. -343) found that "... clayey 
bodies occur inside the coatings in the position they would 
occupy if degradation of the aggregates were proceeding from 
the outside inward." They report that the coatings are more 
distinct the higher the acidity in the upper part of profile 
and also that the increase of grayish "leached" material plus 
decrease of clay in these horizons was correlated with the 
degree of depletion of bases. Smith et al. (73) comment that 
the coatings in Brunizem soils occur on structural units which 
are normally considered characteristic of Gray-Brown Podzolic 
soils and suggested that they may be relic characteristics of 
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former Gray-Brown Podzolic soils which have been converted to 
Brunizem soils by the encroachment of grass on forest. White 
and Riecken(90) found that the presence of gray flecks on dark 
colored aggregates in Brunizem-Gray-Brown Podozolic transition 
soils was accompanied by a loss of organic matter and suggest 
that some of the color change may be due to the loss of, or 
the form of, the iron in the layer. Grossman (25) considered 
the presence of abundant blanched silt and sand grains on ped 
surfaces as the criterion for degradational surfaces. He 
assumed that the concentration of blanched grains is produced 
more by the removal of clay-sized material than from llluvi-
ation of silt. A more intense weathering on the ped surfaces 
was also inferred from the observation that silts tended to 
be coarser on the surfaces than in the interiors. 
In a study of the genesis of Miami silt loam Thorp, Cady 
and Gamble (75) suggested that whitish silt, powdery coatings 
on peds occur where the degradation process of clay stripping 
is going on and that the upper B horizon is gradually con­
verted into an Ag horizon as much of the clay is removed and 
coarser fractions remain behind in the profile. 
Retzer and Simonson (52) found lower quantities of car­
bon in the gray coatings than in the"lnterlors and suggested 
that some eluviation of organic matter had occurred. Makeyev 
and Nogina (40) concluded that most silica coatings or grains 
were a relative rather than absolute accumulation due to 
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removal of calcium carbonate and an intensive removal of iron 
in the Sod-Forest soil they studied. 
The work of the above men supports the idea that these 
coatings develop where one of the main processes is that of 
removal of the more mobile constituents. They do not negate 
the possibility that the silt and send grains are themselves 
mobile; however, their evidence has been interpreted with the 
assumption that other soil constituents are more mobile, and 
the coatings represent relative concentrations of the less 
mobile component. 
An aggradational concept concerning the development of 
the whitish, powdery coatings has been expressed by several 
Russian workers. 
In a study of the minerals in a loamy Podzol soil 
Parfenova (46) concluded that the presence of secondary quartz 
constitutes trie most significant factor in the formation of 
the podzolic horizon. It was found that the greatest amount 
of secondary quartz crystals and fragments occur in the 
lower part of the humus formation and are found in the 10 to 
100 micron size fraction. The source of silica is believed 
to ce of biogenic origin. Secondary quartz is thought to 
develop in two ways, 1) by crystallization from solution and 
k) by transformation of vegetational amorphous silica into a 
crystalline state. Parfenova indicates that conditions 
favorable for the formation of secondary quartz are found in 
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a neutral to weakly acidic medium. 
Yarilova (95) noticed in a Sub-Alpine Chernozem the 
presence of secondary, idiomorphic quartz which was concluded 
to have been synthesized from phytolltharia, a form of plant 
silica contained in the grass vegetation. Yari lova (95) 
also reported that opaline material of phytolltharla under­
goes aging in soil, loses water and turns gradually Into 
chalcedony and later into quartz. 
An analysis of an alluvial soil on the Moscow River 
floodplain and its associated grassy vegetation by Yedokimova 
and Rudina (97) revealed a high content of silicon and alu­
minum in the grasses which they felt Indicated not only their 
forced absorption from the soil because of their abundance 
but also the degree of their availability. They express the 
opinion that present soil formation in the soils studied takes 
place with a considerable involvement of the biological cycles 
not only in terms of "inert11 elements, such as silicon and 
aluminum, coming in from the watershed basin, but also from 
their "activation" by biological agents of which they con­
sider the grass vegetation to have an Important role. They 
conclude that from this viewpoint it is possible to explain 
the presence of light silica powder, sometimes occurring on 
the ped faces In these soils, as a process of biological 
separation of silica and not as a remnant of a former forest 
on these soils. 
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Although plant opal has been reported In surface horizons 
of Brunizem soils (6) its presence in subsoils has not been 
detected nor is there evidence that it accumulates as whitish 
ped coatings; therefore, it is not thought that the process 
mentioned above is dominant in the development of light 
colored, grainy ped coatings in Brunizem soils in Iowa. 
Terminology 
As illustrated in the review above there have been many 
qualitative terms applied to whitish, powdery or grainy coat­
ings on ped surfaces in soils. Observations of these coat­
ings noted above indicate that they contain a high percent 
of quartz or siliceous material. 
A scheme for describing and recording blanched silt and 
sand grains and other quartz in soil profiles has been pro­
posed by BuntleyHe considers classes for shape, coated 
condition, size, abundance and thickness. Rather than classi­
fying these grainy coatings by themselves, they are included 
in a property designated as color coating which may be given 
a reference value in the quantitative morphological evaluation 
of soil. 
Brewer (S) has proposed the term "cutan11 for a modiflca-
J. Buntley. Agronomy Department, South Dakota State 
College, Brookings, South Dakota. Proposals for observing 
and recording blanched silt and sand grains in soils. Private 
communication. 1962. 
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tion of the texture, structure, or fabric at natural surfaces 
in soil materials due to concentration of particular components 
or in situ modification of the plasma. A cutan may be com­
posed of any of the component substances of the plasma. The 
definition of the plasma of a soil material according to 
Brewer is that part which is capable of being, or has been, 
moved, reorganized, and/or concentrated by the processes of 
soil formation. The skeleton grains of a soil material in 
contrast to the plasma are individual grains which are rela­
tively stable and not readily translocated, concentrated, or 
reorganized and include mineral grains and resistant siliceous 
or organic bodies larger than colloidal size. 
If the grainy coats have formed from mobile constituents 
either by in situ modifications or by illuvial deposition 
they could be considered as cutans. From this viewpoint, 
cutans are aggradatlonal features. If, however, the coatings 
have formed from the less mobile components (i.e. skeleton 
grains) by in situ modifications they would not qualify as 
cutans. Brewer recognized the strong genetic bias of his 
definition of cutans. However, as they are recognized by 
their location (distribution pattern) as evidenced by a change 
in concentration, texture, structure, or fabric, the broad 
definition permits field pedolegists to recognize and classify 
cutans according to data obtained by field methods. As is 
often the case, field morphology alone does not provide suf-
15 
flolent data to determine genesis, and as the varieties of 
cutans are better ascertained by detailed laboratory study 
it is concluded that the grainy gray ped coatings can be in­
cluded in the broadly defined term" "cutan". 
Cutans may be additionally classified according to their 
mineralogical nature. Brewer (9) has suggested the following 
separations: clay minerals, sesquioxides, manganese oxides 
or hydroxides, soluble salts, and silica. The modified terms 
are arglllans, sesquans, mangans, solans, and silans, respec­
tively . Concerning the silica cutans Brewer states that it 
is possible to have cutans of silt- or clay-size quartz, and 
that although genetically it is important to distinguish pri­
mary from secondary quartz, it is difficult in practice. In 
a later report, Brewer and Sleeman (ll) state that the cutanic 
material of silans consists of secondary silica. This later 
modification requires laboratory analyses before the material 
can be properly classified. 
In his discussion of cutans Brewer discusses additional 
features which may be described. Quantitative class limits 
for these features, as relative and absolute size and shape 
of peds, distribution of entities, orientation, arrangement, 
distinctness, and degree of separation and adhesion of cutanic 
materials, have been suggested by Brewer and Sleeman (12). 
In this study the term silan is applied to light colored, 
grainy or powdery coatings on ped surfaces and other soil 
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voids on the following basis: (a) observations indicate that 
these grainy coatings have a high percent of quartz, (b) the 
nature of the silica is very difficult to determine in the 
field, and (c) the pedogenesis and/or determination of the 
mobility of these coatings is not readily discernible by field 
methods. 
17 
CHARACTERIZATION OF SILANS 
Sources of Silanlc Material 
The objective of studying selected soil samples was to 
determine some characteristics of silans as an aid in defining 
and identifying them in Brunizem soils and to obtain evidence 
which might indicate some of the processes involved in their 
genesis. From the collection of profile monoliths in the 
Agronomy Department several soils containing easily recognized 
silans were selected for sampling. In addition several other 
profiles and numerous ped samples were collected by the 
author. 
The samples employed in the characterization of silans 
usually are designated by letter symbols in this study. The 
designation used, a brief statement, and the location of each 
soil or sample is given below. The term soil used herein may 
refer to a profile monolith, a ped sample, a sample of 
silanlc material or a soil description. 
Soil M-A - Iowa mapping unit 761 is considered to be an 
Imperfectly drained Gray-Brown Podzolic-Brunizem intergrade 
soil, developed in 15 to 40 inches of loess over loamy till 
(Iowan). The monolith site is located 250 feet south and 
150 feet west of the northeast fence corner of the SE 1/4, 
SE 1/4, Sec. 29, T 99 N, R 10 W, in Winnishiek County, Iowa. 
Soil M-B - A Minnesota soil presently called Skyberg 
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silt loam Is considered to be an Imperfectly drained Gray-
Brown Podzolic-Brunizem Intergrade soil developed in 20 to 24 
inches of a sllty-loamy mantle over firm loam till (Iowan). 
The monolith site is located in the NE 1/4, NE 1/4, Sec. 35, 
T 102 N, R 18 W, in Mower County, Minnesota. 
Soil M-C - Iowa mapping unit 784, presently called Rice-
ville silt loam, is considered to be an Imperfectly drained 
Gray-Brown Podzolic-Brunizem intergrade soil developed in a 
loamy-silty mantle over firm clay loam till (Iowan). The 
monolith site is located 480 feet south and 250 feet east of 
the west side of a field gate which is 975 feet west of the 
northeast corner of the NW 1/4, Sec. 23, T 99 N, R 13 W, in 
Howard County, Iowa. 
Soil M-D - Iowa mapping unit 184, presently proposed as 
Klinger silt loam, is considered to be an imperfectly drained 
Brunizem soil developed in a low aand-high silt mantle (loess) 
over non-firm loam till (iowan). The monolith site is located 
284 feet north and 387 feet east of the southwest corner of 
the NE 1/4, SE 1/4, Sec. 26, T 91 N, R 12 V, in Bremer County, 
Iowa-
Soil M-E - Profile 17, one of Ryan's (65) random sites, 
is considered to be an Imperfectly drained Gray-Brown 
Podzolic-Brunizem intergrade soil developed In loess. The 
monolith site is located 49 rods south and 12 rods west of 
the northeast corner of the NE 1/4, NW 1/4, Sec. 29, T 76 N, 
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R 3 W, in Muscatine County, Iowa. 
Soil M-F - Profile 27, another of Ryan's random sites, 
is considered to be an Imperfectly drained Gray-Brown Podzolic-
Brunizem intergrade soil developed in loess. The monolith 
site is located 64 rods north and 66 rods east of the south­
west corner of the SE 1/4, SE 1/4, Sec. 8, T 78 N, R 1 W, in 
Muscatine County, Iowa. 
Soil M-G - Profile 34, another of Ryan's random sites, 
Is generally similar to soils M-E and M-F but differs in hav­
ing a better developed textural B horizon and in being more 
mottled in the B horizon. The monolith site is located 76 
rods south and 55 rods west of the northeast corner of the 
NE 1/4, NE 1/4, Sec• 6, T 78 N, R 1 E, in Muscatine County, 
Iowa. 
Soil M-H - Located In the Sunbury Flat area this moder­
ately well drained soil developed in leached loess is present­
ly included with Tama silt loam. The monolith site is located 
in a roadcut 630 feet west of the southeast corner of Sec. 
23, T 80 N, R 1 W, in Cedar County, Iowa. 
Soil M-I or Sunbury Flat - Located in the Sunbury Flat 
area, this moderately well drained soil developed in leached 
loess is presently included with Tama silt loam. The mono­
lith site is located 675 feet west and 102 feet north of the 
southwest corner of the NE 1/4, NW 1/4, Sec. 26, T 80 N, 
R 1 W, in Cedar County, Iowa. 
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Soil M-J - Located at the eastern edge of the Sunbury 
Flat this moderately well drained soil developed in leached 
loess is presently included with Tama silt loam. The monolith 
site is located in a roadcut 240 feet east of the northwest 
corner of Sec. 30, T 80 N, R 1 E, in Scott County, Iowa. 
Soil M-K or Palermo Flat - Located in the Palermo Flat 
area this moderately well drained soil developed in loess is 
considered to be a typical Tama silt loam. The monolith site 
is located 260 feet south and 90 feet west of the center of 
Sec. 29, T 87 K, R 17 W, in Grundy County, Iowa. 
Soil M-L - A 1 1/2 inch core sample of Tama silt loam at 
the northwest edge of the'Palermo Flat. The core sample site 
is located in the NE 1/4, SW 1/4, Sec. 24, T 87 N, R 17 W, in 
Grundy County, Iowa. 
Soil P-M - Peds from the silan zone in a moderately well 
drained soil developed in leached loess. The soil site is 
located in a roadcut about 200 yards north of a farm lane and 
is in the southwest corner of the NW l/4, SEC. 25, T 80 K, 
R 1 W, in Cedar County, Iowa. 
Soil P-N - Peds from the silan zone in a moderately well 
drained soil developed in leached loess. The soil site is 
located in a roadcut 640 feet west of the southeast corner 
of Sec. 23, T 80 N, R 1 W, in Cedar County, Iowa. 
Soil P-0 - Peds from the Bg (30 to 40 inches) of a Tama 
silt loam. The soil site is located in a roadcut approxi-
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mately 300 feet west of a stream near the northeast corner of 
the NW 1/4, NW 1/4, Sec. 5, T 34 N, R 1 E, in LaSalle County, 
Illinois• 
Soil D-P - A soil description of the proposed Pro tovin 
clay loam, an imperfectly drained Brunizem developed in two 
story material in the Cresco-Kasson-Clyde soil association. 
The description site is located 660 feet east and 400 feet 
north of the southwest corner of the SE 1/4, Sec. 15, T 99 N, 
R 13 W, in Howard County, Iowa. 
Soil D-Q, - A soil description of Coggon loam, a moder­
ately well drained Gray-Brown Podzolic soil developed In two 
story material in the Kenyon-Floyd - Clyde soil association. 
The description site is located 390 feet east and 725 feet 
south of the northwest corner of the NE 1/4, NE 1/4, Sec. 
22, T 93 N, R 12 W, in Bremer County, Iowa. 
Soil D-R - A soil description of Seaton silt loam, a well 
drained Gray-Brown Podzolic soil developed in loess. The 
description site is located in the SE 1/4, NW 1/4, Sec. 21, 
T 16 N, R 6 W, in La Crosse County, Wisconsin. 
Observations of silan characteristics in various soils 
included In Part II of this study have been included In the 
results of this part of the study where they are relevant. 
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Methods Employed 
Colors of sllanlc material 
The soil colors of silan and ped interiors determined by 
the author were observed under a General Electric cool white 
fluorescent light. Other colors were obtained from recent 
soil descriptions. Munsell color designations as described 
in the Soil Survey Manual (86) are used. 
Size of soil material In Bilans 
Skeleton grains Small amounts of sllanlc material 
were removed with needle-like scrapers and spread on gelatin-
coated slides. Sizes were determined with a calibrated micro­
meter eyepiece under 200X magnification and converted to 
weight percentages assuming the particles to be equivalent 
to spheres of the average size in microns. 
Clavs Samples of the finer silt and clay fractions 
from both the cutans and ped Interiors were deposited on 
porous porcelain plates by applying suction to a distilled 
water suspension. Line broadening of the 060 spacing was 
measured using quartz as a standard and the crystallite size 
along the b axis was calculated according to the method of 
Rosauer and Handy (57). 
23 
Bilan chemical analysis 
Ped surfaces were scraped with a modified razor blade 
tool under a binocular microscope. In most cases the sample 
contains the outermost layers of the ped matrix as It was not 
possible to obtain a sufficient amount of the uncontaminated 
sllanlc material for the specific determinations. Samples 
from ped interiors were taken for comparative purposes. Total 
iron and total managanese were determined by X-ray fluores­
cence according to the procedure outlined by Handy and Rosauer 
(27) . 
All X-ray work was done with a General Electric XRD-5 
unit. Diffractions were obtained using Ni filtered CuK ex-
radiation produced at 50kv and 16ma, and counting was with a 
scintillation tube. Fluorescence determinations were made 
using WK«-radiation produced at 50kv and 45ma, a sodium chlor­
ide analyzing crystal and a scintillation counter tube. 
Sllan morphology 
The macromorphology of peds was observed with naked eye, 
a hand lens (10-12X) and/or a binocular microscope. Micro-
morphology of prepared thin sections from soil M-H was studied 
with a polarizing microscope. Procedures and materials for 
preparing thin sections are those described by Turner (76). 
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Silan Characteristics 
Colors of sllanlc material 
The color designations given in previously mentioned, soil 
descriptions were compiled along with those observed by the 
author. Wherever possible the lower B horizon was selected 
to avoid confusion with the light colors of A2 horizons In 
Gray-Brown Podzolic soils. 
Difficulty in assigning a color to sllans is encountered 
when making field descriptions for several reasons. The 
presence of sllans may be overlooked when the soil is quite 
moist and they only become evident as the soil dries, or they 
may be present only as flecks or sprinklings on ped surfaces 
so that it is difficult to obtain an adequate sample for com­
parison with the color chart. In these cases, it is apparent 
that consistent identification of sllans is partly dependent 
on the distribution and/or distinctness of the grains compris­
ing the silan. In many soil descriptions often it is not 
stated whether the coating colors were made at similar mois­
ture conditions as those existing in the ped Interiors. 
With these considerations in mind, the summary of silan 
and ped interior colors given In Table 1 may be thought of as 
probable color ranges for strongly expressed sllans. 
Some color relationships brought out by the data in 
Table 1 include: 
Table 1. Soil colors of silans and ped interiors in some Brunizem and associated 
soils 
Soil group in 
which sllans 
Horizons 
and depth Color ranges of soil materials 
were observed ranges Silan Ped Interior 
A. Soils developed in till or thinly (40") mantled till in northeast Iowa 
Brunizem soils Bg 22-37 10YR 5/2 (m) 
5Y 5/1 (m) 
2.5Y 7/2 (d) 
5Y 7/2 (d) 
Mixed matrix which 
crushes to 
2.5Y 4/4 (m) or 
10YR 4/4-5/3 (m) 
Soil D-P B23 28-37 5Y 5/1 (m) 
2.5Y 7/2 (d) 
Mixed 7.5YR 5/6 (m) 
and 10YR 4/4 (m) 
Gray-Brown Podzolic-
Brunizem Intergrades 
Bo and 
Bg 20-54 
2.5Y 5/1 (m) 
5Y 5/1 & 5/2 
and 6/1 (m) 
10YR 7/1 (d) 
N 8/0 (d) 
Mixed matrix which 
crushes to 10YR-
2.5Y 5/4 (m) 
Soil M-B B2 27-39 5Y 5/2 (m) 
N 8/0 (d) 
5Y 5/2 (m) mottled 
with 10YR 5/6 
Gray-Brown Podzolic 
soil 
Soil D-Q, Bg 20-35 10YR 5/3 & 6/3 (m) Mixed matrix which 
crushes to 
10YR 5/4 (m) 
Table 1. (Continued) 
Soil group in 
which sllans 
Horizons 
and depth Color ranges of soil materials 
were observed ranges Silan Ped interior 
B. Soils developed in loess in eastern Iowa 
Brunizem soils Bo and 
B3 21- 53 
10YR 5/3 (m) 
10YR 6/2-6/3 (m) 
10YR 6/2,7/1,8/1 (d) 
Mixed but rubs to 
10YR 4/3 or 
1Y 5/3 (m) 
Soil M-I B3 32-36 10YR 5/3 (m) 
10YR 7/1,8/1 (d) 
Mixed 10YR 4.5/2 (m) 
and 10YR 4/3.5 (m) 
Gray-Brown Podzolic 
Brunizem Intergrades 
Bp and 
B3 18-39 
10YR 5/15,5/2.5/3 (m) 
10YR 6/1,6/2 (m) 
Mixed but rubs to 
10YR 4/3-4/4 (m) 
Soil M-E B3 25-32 10YR 4.5/2 (m) 10YR 4/3 (m) 
Gray-Brown Podzolic 
soil 
Soil D-R B3 40-48 10YR 6/2 (m) 10YR 5/3-5/4 (m) 
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1. Silans usually contrast with ped Interiors by having 
higher values and lower chromas. 
2. Dry silans usually have higher values and the same 
or lower chromas than moist sllans. 
3. Silans in soils developed from till may be of a 
yellower hue than those in soils developed from 
loess. 
4. Silans commonly occur on peds which are mottled or 
of mixed colors. A mottled ped interior is one in 
which two or more colors exist; one is usually 
dominant and is referred to as the matrix color while 
the others are often spots or blotches of contrasting 
color. For example, a mottled ped interior may be 
described as 10YR 5/3 matrix with common, fine 
distinct 7.5YR 4/4 and 10YR 3/2 mottles. 
The soil colors of the great soil groups are a composite 
from several descriptions. The named soil in parenthesis is 
a specific example. 
Symbols are given in Munsell color designations with (m) 
and (d) referring to a moist or dry condition, respectively, 
of the soil material as outlined in the Soil Survey Manual 
(86)  .  
Size of sllanlc material 
Skeleton grains As the amount of sllanlc material is 
usually insufficient for determining particle size distribu­
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tion, the distribution has been approximated by counting dif­
ferent sized grains of very small samples removed from the 
silan. The counts were converted first to relative volumes 
and then to weights. No estimate of particles smaller than 10 
microns was made since most particles in this size range were 
found to be undissolved fragments of the gelatin used as a 
mounting medium. 
Silans are prominent in the lower B horizon of soil M-I 
and In the upper B horizon of soil M-B. In both soils the 
structure is prismatic where the silans are prominent, and so 
individual prisms were selected and silan samples taken along 
the vertical axis to determine the particle distribution size• 
In addition horizontal layers were removed from soil M-I peds 
to give an estimate of the horizontal particle size distribu­
tion. 
The values for the larger particle sizes are subject to 
more error due to the small number of grains observed in these 
size ranges. Keeping in mind that the results are given only 
for the particles larger than 10 microns, the weight percent­
ages in certain size ranges given in Table 2 indicate some 
general size relationships of coarser sllanlc .material. 
The frequency distribution of weight by size groups indi­
cate that most samples have irregular patterns and the rela­
tive size relation might be termed very uneven. Where there 
Is a single distinct peak in frequency distribution it is 
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Table 2. Particle size distribution of some silanic materials 
Depth Weight percentage of silan material 
(inches) 10-20* 20-30 30-40 40-50 50-60 60-70 70-80 
Soil M-A - Vertical axis 
32 12.1 13.0 7.7 — 21.6 45.6 
33 18.1 20.6 18.9 16.4 — 26.0 
34 14.0 20.3 41.3 24.-3 
Soil M-A - Horizontal plane inside prism 
33 49.8 50.2 
Soil M-I - Vertical axis 
30 4.8 11.9 19.9 19.6 11.4 15.4 17.0 
30 1/2 5.2 15.7 16.0 20.2 8.8 20.1 14.0 
31 7.5 10.4 17.1 19.2 8.2 34.5 — — 
31 1/2 4.6 8.0 17.4 27.2 3.5 11.3 28.1 
32 7.2 12.9 22.7 27.5 16.1 13.3 — • 
32 1/2 7.7 15.9 15.1 20.0 3.4 20.0 17.8 
33 9.2 19.9 27.8 10.6 12.6 8.9 11.0 
33 1/2 11.7 27.0 21.7 16.4 15.3 7.8 0.0 
Soil M-I - Horizontal axis 
Outside 
5 9.4 25.1 22.9 31.2 11.9 — — — — 
4 11.4 18.5 21.2 28.2 9.6 — — 11.0 
3 11.5 24.2 15.0 14.0 14.0 21.2 — — 
2 15.1 21.5 20.3 9.0 19.2 14.9 — — 
1 17.4 36.2 17.7 23.8 4.9 — — — — 
Inside 
aSize ranges in microns. 
usually for sizes less than 50 microns, for an example, observe 
the soil M-I distribution at 32 and 33.5 inches. There is an 
overall tendency for the two smaller sizes to increase with 
increasing depth along a prism face at the expense of larger 
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particles, notably the 60-70 micron grains. 
It is of interest to note that about half of the samples 
have a relative minimum value in the 50-60 micron size range. 
Where the relative maximum values on either side of these 
minima are nearly equal, the next lower sample tends to have 
a maximum value In the smaller size ranges. Examples of this 
situation occur for the following pairs of examples: soil M-A 
33 and 34, soil M-I 31.5 and 62, and soil M-I 32.5 and 33. 
This relationship on the prism surface is suggestive of a 
small scale cycling of material along the surface. 
The author has observed a banding effect of sllanlc mate­
rial in some soils developed in loess. The banding is ori­
ented horizontally except where the accommodations of adjacent 
peds alter vertical planar voids. 
The particle size distribution of sllanlc material along 
a horizontal axis commencing at the outside and moving into 
the ped interior shows two interesting relations. First, 
there is the tendency for smaller sizes to increase toward the 
ped interior, notably the 10-20 micron sized grains and, 
second, layers 2 and 3 tend to have more bimodal frequency 
distributions than either the ped interior or the outer silan 
layers. The shifting pattern from a more even distribution 
in the inner layers, both of which contrast with the concen­
tration of smaller sized grains in the interior, suggests a 
layering of sllanlc material. 
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It was noted during sampling that the silan was quite thin 
and difficult to separate from the ped matrix at the 33 and 
32.5 inch depths of the Sunbury Flat soil M-I. The tendency 
for higher percentages of materials less than 40 microns In 
these samples compares favorably with the high percentages of 
less than 40 microns in the ped Interior of sample 1 along 
the horizontal axis. 
It is concluded that generally there are particle size 
differences between sllanlc material and ped Interiors. 
Silans tend to be composed of relatively greater amounts of 
larger grains than are the ped interiors. In addition the 
evidence suggests that silans may be layered both vertically 
and horizontally. 
Clays 
As it is quantitatively difficult to determine the clay 
content in sllanlc material (25) it was decided to determine 
the size of clay crystallites. To avoid any major destruction 
of clays the samples were shaken by hand with distilled water. 
The b axis dimensions for clays with an 060 spacing of approxi­
mately 1.50A°, which includes the 2:1 expanding clays and pos­
sibly the illite minerals, were determined for both the 
sllanlc material and the associated ped interiors from two 
profiles. The profile from the Palermo Flat area, soil M-L, 
represents a soil with weakly expressed sllans and the profile 
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from the Sanbury Flat area, soil M-H, represents a soil with 
strongly expressed silans. The concept of degree of expres­
sion of silans will be discussed in a later section. 
A previous measurement of the c axis spacing of similar 
crystallites indicated that there was little difference be­
tween the clays in ped interiors and silans, therefore, the 
c axis spacings were not measured for samples included here. 
The results shown in Table 3 include the measurements for 
the complete profiles and, as such, the ped exteriors may in 
places be composed of material other than silans. The term 
cutan is applied here to indicate that the material was ob­
tained from ped surfaces; matrix refers to the associated ped 
interiors. The depths at which silans were recognizable under 
the existing moisture conditions at time of sampling are indi­
cated for each profile. 
It is noted in Table 3 that the crystallite size of the 
clay fluctuates throughout the profiles and that no definite 
pattern exists between increases or decreases of size in the 
ped interiors and the associated ped cutans. There is more 
of a tendency for the size of clay In both the cutan and ped 
Interior to go in the same direction, although differing in 
magnitude, in the M-L profile than in the M-H profile. In 
fact many of the size changes in the Sunbury Flat, soil M-H, 
materials are in opposition to one another. 
With the exception of M-L 29, the maximum crystallite 
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Table 3. Crystallite sizes of 2:1 layer clays In two loess-
derived soils 
Soil M-L (Palermo Flat) Soil M-H (Sunbury Flat) 
Depth Matrix Cutan Matrix Cutan 
(inches) (A°)a (A0) (A°) (A0) 
1 650 
3 218 —  —  203 — —  
5 291 — —- 194 — —  
7 209 —  203 —  —  
9 358 — 206 
11 • 297 276 
13 194 218 201 —  — .  
15 291 242 187 —  —  
17 271 631 226 •* — 
19 172 269 203 
21 410 286 225 
23 326 207 270 304 
25 302 189 194 252, 
27 343 1704 218 610° 
29 >4500 >4500 263 230° 
31 218 1008 221 520% 
33 326 236 276 376 
35 247 206 244 244 
37 286 338% 524 267 
39 271 225 225 185 
41 284 520b 178 271 43 263 466 242 285 
45 271 203 199 — —  
47 171 173 327 — — 
aSize reported in angstroms (A0) for the b axis. 
^Depths at which sllans were quite evident under existing 
moisture conditions at time of sampling. 
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size is larger in the cutanic material than in the ped matrix. 
In both profiles the silanic materials show four maxima and • 
associated minima. The matrix materials do not have as strik­
ing maxima, however they are noted at the 21, 29, and 33 inch 
depths in the Palermo Flat profile, soil M-L, and at the 39 
inch depth in the Sunbury Flat profile, soil M-H. 
The data indicate that the crystallite size of clays is 
larger in cutans from evident silan zones than in the asso­
ciated ped interiors. It also indicates that in other places 
the clay crystallites may be of smaller size in the cutanic 
material than in the associated ped interiors. 
The periodic or cyclic pattern noted for clay crystallite 
sizes with increasing depth suggests that layering may exist 
in both ped interiors and cutanic materials. This pattern 
might be interpreted as representing micro-horizons of eluvi-
ation and illuviation, somewhat analogous to the clay and iron 
bands described by Folks and Riecken (20). 
Composition of sllanlc material 
Skeleton grains As previously mentioned, silans are 
recognized by their light color which is generally attributed 
to clean or clear quartz grains. These light colored grains 
contrast with yellowish brown oxide-coated grains within the 
silan or the ped interior. 
Grain counts were made of silans and ped interiors from 
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several soils to compare with results of other workers. 
The data in Table 4 illustrate that silans are dominated 
by quartz and supports the use of the term "silan" as applied 
to these coatings in this study. It may be noted that In most 
cases the silans contain fewer coated grains than the ped 
interiors. Some of the quartz and other grains also were 
coated but the coatings were either patchy or nearly trans­
parent so that the mineral Identification was not precluded. 
The quartz/coated grain ratio Increases in the silans relative 
to the ped interiors In all but soil M-B. 
In all samples there is a lower feldspar content In the 
sllans. This relationship is also shown by the higher quartz/ 
feldspar ratios in the sllans compared with the ped interiors. 
It may be observed also that silans contain slightly more 
quartz than the ped interiors, which in effect widens the 
spread of the quartz/feldspar ratios. 
The lowered feldspar content and Increased quartz con­
tent of the silans relative to the ped interiors suggest that 
the feldspars are either being decreased by some process such 
as weathering or quartz may be accumulating by some process 
such as illuviation or synthesis. Another possibility sug­
gested by the changing mineral contents is that feldspar and 
quartz have different transport mobilities along ped surfaces. 
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Table 4. Mineralogical composition of the 10-150 micron size 
fraction of some silans and ped interiors 
Composition percent b 
Material Quartz Coated* Feldspar Other Q/C or Q/F 
Soil M-A 30-31 inches 
Silan 
natural 
cleaned 
Matrix 
natural 
cleaned 
Silan 
natural 
cleaned 
Matrix 
natural 
cleaned 
Silan 
natural 
Matrix 
natural 
Silan 
cleaned 
Matrix 
cleaned 
79.6 
85.6 
7.7 
6.7 
72.3 20.0 
81.6 9.4 
Soil M-B 28-29 Inches 
77.0 15.7 
83.3 -- 6.3 
77.6 
76.3 
78.7 
15.7 
Soil P-M 
15.0 
6.3 
77.0 15.7 
Soil P-N 
78.5 
77.0 
6.0 
7.3 
12.7 
8.7 
7.7 
9.0 
7.3 
11.4 
6.7 
15.4 
6.3 
7.3 
15.5 
15.7 
10.3 
12.7 
3.6 
8.7 
4.9 
13.2 
4.9 
9.2 
5.2 
4.9 
13.1 
10.5 
&Grains so strongly coated with dark yellowish brown 
material that their identification was precluded. 
bQ/C is the ratio of the % of quartz grains to the % of 
oxide coated grains and Q/F is the ratio of the % of quartz 
grains to the % of feldspar grains. 
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Clay 
X-ray diffraction patterns were made of samples from the 
silans and ped interiors of soil P-M. These peds are from a 
Tama silt loam occurring in the Sunbury Flat area and were 
described previously. The intent was to find out what types 
of clay minerals are present rather than to characterize clay 
changes with Increasing degree of expression of silans. 
Smoothed traces of the diffraction patterns are shown in 
Figures 1 and 2• In both samples it is concluded that mont-
morlllonite, vermiculite, llllte, interlayered clays and 
kao Unite are present in the clay fraction. The silan sample 
appears to have some chlorite which is not present In the ped 
interiors. 
The presence of montmorillonite is indicated by the 
shift of the air-dry peak toward 17 A° when the sample Is gly-
colated and vermiculite is indicated by the collapse of part 
of the 14 A° peak of the air-dried sample to 9.3 A° when the 
sample is heated. Interlayers are indicated by the expansion 
of some air-dry peaks to greater than 17 A° when glycolated 
and remains of 14-17 A0 peaks when the sample is heated. 
KaoUnite is indicated by the loss of 7.15 A0 glycolated peak 
when the sample is heated and chlorite is indicated by the 
continued presence of a 14.4 A° peak when the sample is 
heated. 
Using peak intensities as a crude measure of relative 
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PED EXTERIOR 
1 SAMPLE GLYCOLATED 
2 SAMPLE HEATED TO 700" C 
3 SAMPLE AIR DRY 
GLYCOL 
AIR DRY 
715 
S3 K) 14 n 
"d" SPACINGS (ANGSTROMS) 
7.9 
Figure 1. Smoothed X-ray diffraction pattern of sllanlc 
material from soil P-M 
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PED INTERIOR GYCOL 
1 SAMPLE GLYCOLATED 
2 SAMPLE HEATED TO 700°C 
3 SAMPLE AIR DRY 
700° C 
84 
AIR DRY 
7.15 
79 14 17 21 25 7 
"d" SPACINGS (ANGSTROMS) 
Figure 2. Smoothed X-ray diffraction pattern of ped 
interior material from soil P-M 
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amounts of minerals present it appears that the sllanlc mate­
rial contains less montmorillonlte-type clays than the ped 
interiors. It is also noted that the clays in the sllanlc 
material tend not to collapse on heating as readily as the 
ped interior clays. 
These results are qualitatively similar to those of 
Grossman (25) who studied ped surface clays in much greater 
detail. He explained the resistance of clays to collapse on 
heating as an accumulation of aluminum between the clay sheets 
due to increased weathering. 
JThe ratios of 001/002 peak intensities for 1111 te (10A°) 
in the ped interiors and silan were 1.5 and 2.0, respectively. 
White et al. (92) state that an increase of the 001/002 in­
tensity ratio for illlte indicates a greater degree of weather­
ing and suggest this ratio as a weathering function that can 
be useful in studying processes involved in soil genesis. 
Although only one set of samples was studied it is con­
cluded that the clay minerals present in silans compare favor­
ably with results of other workers and that there are some 
indications of differences between silans and ped Interiors 
which suggest increased weathering at ped surfaces. 
Chemical composition of sllanlc material 
Field and laboratory observations reveal that much of 
the sllanlc material is freer of yellowish brown stains or 
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coatings than the ped interior material. As iron and manga­
nese oxides or hydroxides are rather strong coloring agents 
in soils It was thought desirable to check the amounts of 
these materials in sllans. A rapid method of determining 
total iron and manganese in soil is by X-ray fluorescence. 
The total iron percent includes lattice iron of clays, 
iron in ferro-magnesian and feldspar minerals and all other 
iron regardless of its form. Since the bulk of sllanlc mate­
rial has been shown to be quartz with rather low percentages 
of other minerals, it is thought that total iron data propor­
tionately reflects the oxide coatings on grains of sllanlc 
material. In addition the distribution of iron in a soil 
profile may reflect, in part, weathering and pedogenetic 
processes. 
The total iron analyses given as oxides In Table 5 have 
an error of less than 2 percent of the mean and the total 
manganese analyses as oxides have a maximum error of 50% of 
the mean and an average error of about 30% of the mean. 
The data In Table 5 show, in all cases, that total iron 
is lower in the silans than in the ped interiors. With the 
exception of soil M-C, the silans are also lower in total 
manganese than the ped interiors. 
Depth distribution patterns of iron and manganese do not 
show any consistent trends among the soils sampled. The fluc­
tuating values might represent sampling errors or zones of 
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Table 5. Total iron and manganese oxide percentages in some 
silanic material and ped interiors 
% Iron % Manganese X 10 
Depth (as FegOs) (as MnOp.) 
(inches) Matrix Silan Matrix Silan 
Soil M-A 
16 4.19 — 8.99 
23 3.46 2.45 5.05 3.83 
30 7.20 1.58 5.27 3.56 
36 5.18 — 5.82 
Soil M-B 
22 3.02 — 4.79 
25 2.98 1.22 4.04 2.98 
30 3.05 2.06 2.79 2.18 
30 (prism 3.23 — 3.75 
interior) 
Soil M-C 
18 3.80 — 7.13 
28 4.68 2.44 3.96 5.03 
38 4.88 — 8.17 
Soil M-D 
20 4 . 73 — 16.94 
27 4.43 3.29 23.41 5.80 
33 6.02 3.78 10.51 5.61 
40 7.20 4.21 14.23 6.81 
Soil M-fi­
le 3.24 — 20.06 
20 4.63 2.75 24.79 6.57 
30 5.08 3.01 8.59 7.71 
Soil M-F 
24 5.05 — 38.70 
29 5.04 3.31 35.80 6.99 
33 4.52 3.41 10.56 7.29 
37 3.81 — 7.10 
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Table 5. (Continued) 
Depth 
(inches) 
% Iron 
(as Fep.0.3) 
% Manganese X 
(as MnOg) 
CV
i 
1 0
 
1—1 .
 
.
 
Matrix Silan Matrix Silan 
Soil M-E 
13 4.10 15.93 
18 5.04 3.78 23.46 11.70 
25 4.81 4.25 24.10 10.16 
31 4.56 3.46 19.90 7.79 
35 4.73 3.75 18.86 8.38 
Soil P-M 4.11 3.04 
Soil P-N 4.75 2.66 
relative accumulation or depletion. 
The silan-ped interior relationship supports other evi­
dence that silans contain less oxide coatings and are, there­
fore, lighter colored. 
Morphology of Silans 
Morphological concepts 
The morphological description of silans was undertaken 
to find out which features might be consistently observed and 
therefore serve as criteria for a classification of the degree 
of expression of silans. It soon became evident that three 
kinds of observations could be made and they were termed (a) 
color contrast, (b) continuity and (c) thickness. The rela­
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tionship may be visualized by observing salt poured on two 
pieces of paper, one white and the other black. A high color 
contrast is shown by the salt on the black paper relative to 
the contrast on the white paper. If just a few grains are 
sprinkled on the paper they do not command one1s attention as 
much as if the paper is covered with a continuous monolayer. 
As more salt is added the thicker piles or layers dominate 
one1s visual impression and consequently would be thought of 
as being strongly expressed. Suppose we pile the salt into 
small rows with black paper exposed between. Even though the 
rows of salt may be considered to have a strong expression, 
the intervening space has no expression of coatings and the 
overall effect will depend on the scale of observation em­
ployed. In the above example, as In field practice, the 
features we are concerned with are relative rather than abso­
lute; for example, a moderately thick layer of salt on white 
paper does not connote the strong degree of expression that 
the same layer does when occurring on black paper yet the coat­
ing material is exactly the same. 
Color contrast is dependent on the degree of separation 
of unlike materials, such as coated and uncoated grains and 
on the sharpness of the boundary between unlike materials 
(Plate 1). Boundary sharpness may be visualized if we have 
a black powder and a white powder with one overlying the 
other. The boundary sharpness decreases as we mix the powders 
Plate 1. Silans (S) having a high degree of color contrast 
with ped matrix (k) in a till-derived soil; 
photograph colors are redder than natural soil 
colors ; monolith tray is 4 inches wide 
Plate 2. Close-up view of a thick silan on vertical ped 
surface in a loess-derived soil showing its grainy 
appearance and continuity; prismatic ped shown 
here is about 4 inches across 
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together assuming that our scale of observation is such that 
we can not readily distinguish individual powder particles. 
Continuity is highly dependent on the distribution and 
orientation of the silanic material. If we consider orienta­
tion to be the alignment of a particle axis with respect to 
other particle axes and to other soil features then the size 
and shape of the particle is of utmost importance. Most of 
the observable grains are of silt and sand size (Plate 2), are 
commonly of sub-rounded, equant or prolate shapes and the ori­
entation pattern is more difficult to ascertain and also seem­
ingly less important than the distribution pattern when con­
sidering the degree of expression of the silan. Distribution 
may be considered as the location of like entities (a) with 
regard to each other or (b) with regard to soil direction or 
pedological features (ll). For example, the grains might have 
a clustered distribution relative to each other and yet all 
be cutanlc In the sense that they occur on a ped surface. The 
location of like entities with regard to each other is called 
basic distribution and the location of like entities with 
regard to soil directions or pedological features is called 
referred distribution. 
Thickness refers to a relative or absolute abundance of 
grains. A coating of 1/16 of an inch thick would contain many 
more grains if composed of silt rather than sand. In the case 
of Bilans most of the material consists of single grains and 
it is possible to have striking differences in abundance 
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between the silan and ped interior particularly where one is 
much finer grained than the other. 
Observations have shown that some Bilans are only de­
tected when the soil is relatively dry. The transparency of 
a grain is determined by the ratio of transmitted light to 
diffracted and reflected light. As the refraction is greater 
at quartz-air interfaces than at quartz-water interfaces there 
is more light scattered and reflected back in the first case. 
This means that a quartz grain is less transparent in air than 
in water. This effect may be illustrated with salt spread on 
black paper. In a dry state we see white grains contrasted 
with a black background. However, if we moisten the grains, 
assuming also that they do not dissolve, the contrast is 
greatly reduced and at some moisture content we may no longer 
recognize the grains. As the specimen dries the grains again 
become more visible. 
The degree of expression of Bilans is, therefore, a com­
bination of the properties discussed above, and the use of 
any single property will lead to a slightly different classi­
fication than if all the properties are considered collective­
ly. Color contrast, continuity and thickness are usually 
interdependent properties of silanic material when considered 
in their relation to the net visual impression which is called 
the 1 degree of expression'. 
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Macro mo rpho logy 
In the field study of soils many combinations of color 
contrast, continuity and thickness of silans were observed. 
Among the field references to silans the following phrases 
were commonly used; flecks of white patches; a few Isolated 
patches ; grainy coats with weak to moderate expression; weak 
spotty coats; good gray zone; structural faces coated with 
gray; grainy coatings striking in this dry condition; 
concentrated on vertical faces, appear lodged in pockets; 
fewer coats where surface is highly convex; well expressed; 
clean sands appear to have been released from ped surface ; 
clean sand coatings occur at ... depth; moist but splotches 
of lighter grays and tans may indicate patches of gray grainy 
coatings ; coatings are continuous and cover surface protru­
sions ; clean sands appear to rest on surface of a more con­
tinuous oxidized layer; coatings common, particularly on ver­
tical faces. 
A summary of the ranges of properties observed is given 
below. 
One impression when standing back and observing a pro­
file is that there may be a definite gray zone somewhere in 
the profile. If the grayness is due to the presence of 
silans, as distinct from a gleyed zone, its relative position 
is one measure of the depth distribution of silans. 
Referred distribution A referred distribution of 
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silans is the relationship between the location or distribu­
tion of silanic material and some soil feature, such as the 
soil surface, a specific soil horizon, or a particular kind 
of ped. The distribution of silans relative to the surface 
of the soil may be thought of as a depth distribution. The 
depth at which initial positive identification was made ranged 
from 3 to 45 Inches, however most observations fell into the 
18-36 inch depth range. Where strongly expressed, silans tend 
to be concentrated In zones or horizons having a common thick­
ness of 2-12 Inches. 
The distribution of silans relative to pedological 
features such as structural unit types or soil horizons con­
stitute other kinds of referred distribution. With regard to 
soil horizonation it is found that silans most commonly occur 
in the B horizon. In some soils they are more concentrated 
in the upper B horizon divisions such as the B^ or Bg]_ and may 
be nearly absent in associated lower B horizon divisions. This 
distribution prevails in some Gray-Brown Podzolic-Brunizem 
intergrade soils. In some other soils the silans are more 
concentrated in the lower B horizon divisions such as the Bg^ 
and Bgg or in a second kind of B horizon, and may be nearly 
absent in the associated upper B divisions. This distribu­
tion is prevalent in most Brunizems in which silans have been 
recognized. Zones of strongly expressed silans may or may not 
coincide with zones of maximum clay content in these soils. 
51 
With regard to structural unit types, silans are found to 
occur on all aggregated structural units but are best ex­
pressed on medium prismatic and coarse blocky units. Higher 
concentrations were commonly observed on the vertically-
oriented faces of these units than on the horizontally-
oriented faces. Often the most strongly expressed silans 
occur in a transition zone between subangular blocks and under­
lying prismatic structural units. 
Basic distribution Basic distribution refers to 
the inter-relations of silanic materials on a ped surface and 
constitutes the concept of continuity previously mentioned. 
The distribution of silanic materials on ped surfaces have 
been found to include the following types : (a) regular or 
random, (b) clustered, (c) banded, and (d) various combina­
tions of the previous three depending on the field of observa­
tion. The basic distribution pattern is often thought of as 
the amount of ped surface covered by silanic material (see 
Plates I and 2) and may be expressed in percent. The repre­
sentation of continuity may be visualized as the distribution 
pattern or assemblage of dissimilar objects in a planar sur­
face, much the same as estimating the percentage of area of 
black spots on white paper. 
Degree of separation The 1 degree of separation1 
expresses the distribution or separation of unlike entities, 
much as the basic distribution expresses the separation or 
52 
distribution of like entities. With low moisture conditions 
the degree of separation of silanic and non-sllanlc material 
and its closely related property, boundary sharpness, deter­
mine in large part the degree of color contrast observable 
(see Plate 1). 
Differences in particle size as well as differences in 
amounts of oxide-coated and non-coated grains between silanic 
material and ped interiors are measures of the degree of 
separation. It has been observed that ped Interiors range 
from uniformly fine-grained materials (loess) to heterogenous 
materials (till). The associated silans are usually coarser 
grained than the ped interiors but if considered collectively 
the silanic material presents a diverse range of particle 
sizes. 
Separation of coated and non-coated grains refers to an 
outer-inner space relationship, rather than a planar separa­
tion. Separation can be measured on undisturbed samples by 
stripping away layers and counting or estimating the amounts 
of coated and uncoated grains. On Irregular ped surfaces the 
separation of like and unlike grains is often confused with 
boundary sharpness. 
Boundary sharpness When a nearly complete separation 
of unlike entities occurs over a short distance the boundary 
between the two entities is said to be sharp. A diffuse 
boundary on the other hand implies that a zone of intermixing 
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occurs between the unlike entities. A sharp boundary may 
occur between two materials both of which are parallel to a 
very Irregular ped surface, and at the other extreme a very 
diffuse boundary may occur along a very smooth ped surface. 
In field observations all conditions were observed, however, 
the most common case is a sharp boundary on smooth or gently 
undulating ped surfaces. In general sharp boundaries are 
noted where the particle size of the Bilan is homogeneous, 
e.g. clean fine sand grains coating prism faces In till mate­
rial, or where the silan is relatively thick, e.g. sllan layer 
3-4 mm. thick on prism faces in loess material. It should be 
mentioned that most silans contain a few local concentrations 
of oxides and oxide-coated grains when observed with a hand 
lens. 
Thickness It was Implied above that thickness meas­
urements depend on the degree of separation and the boundary 
sharpness. As used in field observations thickness refers to 
the layer of silanic material having a sharp boundary with 
the underlying ped interior, which in turn is dependent on a 
high degree of separations of unlike entities. Thickness 
measurements may be absolute in terms of standard scales such 
as millimeters or inches, or may be relative to the size of 
grains of the material comprising the sllan. Absolute thick­
ness measurements are, of course, easier to make and permit 
direct comparisons of silans composed of similar sized mate­
rials. That is, millimeter measurements of sllan thickness 
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in most loess-derived soils will provide relative differences 
of the magnitude of silan accumulation if their other charac­
teristics are similar. The same would apply for many till-
derived soils, however, the comparison of sandy silans in 
till and sllty silans in loess may lead us to conclusions far 
different than those when comparing silans having similar 
grain sizes. 
Differences of thickness due to grain size may be more 
directly compared if we consider the effect of grain size on 
the observed color contrast. A layer of clean silt grains 
having the same thickness as a single layer of clean sand 
grains will be relatively less transparent, whether moist or 
dry, than the sand grains because there are more interfaces 
in various altitudes to scatter the light. This implies that 
the thickness of a sllan does not have the same importance in 
determining the degree of expression as does the color con­
trast , which In itself contains some measure of the effective 
or relative thickness. 
Field observations include ranges of thickness from 
single layers or isolated grains of silt and sand up to 8-10 
millimeters in sllty material and 1/2-3/4 inches in till or 
till-like materials. 
Degree of adhesion During the course of the field 
studies it became apparent that differences existed not only 
in the amount of silanic material on the ped surfaces but also 
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in the ease with which it was held to the surfaces. In many 
of the till soils the inner layer of material appears to be 
part of the ped held from within and modified only at the 
outer surface. Larger grains protrude from the surface, are 
surrounded by finer particles yet the whole surface is gray 
and has a glazed appearance. In most other cases, both in 
till and loess-derived soils, the silanic material appears to 
be resting on a denser, previously modified surface. 
As the moist soil surfaces dry one of two things is noted 
to occur. Many of the sllan grains become loosened and can 
easily be brushed off the ped surface or the grains become 
cemented in place as though an integral part of the ped and 
can not be easily removed by brushing or rubbing. The cement­
ed grain condition on drying is more common in the tlll-
derived soils than in the loess-derived soils. 
It may be inferred that generally silans In loess-derived 
soils are more mobile under dry conditions than those in till 
soils as they may readily be detached from the ped surface 
when dry. However, their relative mobilities under moist or 
saturated conditions is not known. 
Micromorphology The morphologic expression of 
silanic materials at high scales of observation with a micro­
scope constitutes sllan micromorphology. 
Thin sections from several peds in the strongly expressed 
silan zone in a Sunbury Flat profile, soil M-H, were examined. 
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As was noted in the section on macromorphology the thickness 
arid expression of the silanic materials varies along vertical 
ped surfaces and this is verified in the thin sections. The 
silanic material is quite thick and dominates the outer layers 
of the peds at a depth of 29 to 30 inches but is quite thin 
and not well developed below about 35 inches. 
The development of silans In the upper part of the 
argillic horizon is illustrated in Plate 3. Most of the ground 
mass Is silanic material and is recognized by its quite uniform 
gray color (white, gray and black grains) and its lack of seg­
regated oxides and oriented clays indicated by the reddish-
ana yellowish-brown colors. In the upper central left portion 
of the photograph there is some concentration of clays and 
oxides that are thought to be the remnant of the ped interior. 
Plate 3 represents a thick strongly expressed sllan in a 
loess-derived soil. 
A thinner but also strongly expressed sllan is shown in 
Plate 4. Scattered large grains are visible adjacent to the 
void in the left side of the photograph. The thin well ex­
pressed sllan is surrounded in most places by a zone having 
oxides dispersed among the grain interfaces and remnants of 
oriented clays. The material in the upper left corner and 
along the right side has more oriented clay aggregates and 
more aggregated oxides than either of the other two zones 
and is thought to be characteristic of the ped interior. 
The striking color contrast observed when the soil is 
Plate 3. Thick, strongly expressed sllan In Sunbury Flat 
profile - approximate depth, 30 inches; 60X, 
crossed niçois 
Plate 4. Thin, strongly expressed sllan in Sunbury Flat 
profile - approximate depth, 35 to 36 inches ; 
60X, crossed niçois 
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dry is not evident in these thin sections as the colors repre­
sent a moist condition due to the wetting effect of the impreg­
nating plastic. In general the silanic material has more gray 
and less brown and reddish brown colors than is seen in the 
ped interiors. This supports the opinion that the lower iron 
and manganese content of the silanic material is due to less 
clay and oxide coatings of grains in the silanic material. 
The difference in segregation of soil constituents be­
tween the ped interior and the silan is quite evident in 
Plate 5. A large aggregate dominated by oxides is located in 
the left central part of the photograph and oriented clays are 
visible surrounding the oxide aggregation and also in the 
upper right corner. The silanic material adjacent to the 
voids is lighter colored (lesser reddish browns) and contains 
isolated large grains not observed in the ped interior. 
A nearly continuous clay skin (argillan) occurring at a 
depth of about 37 inches is illustrated in Plate 6. The ori­
ented clays located on the ped surface nearly surround the 
ped cross section and contrasts greatly from the silan coating 
in Plates 4 and 5. 
These sections illustrate the major micromorphological 
features of silans. First of all, they show that Bilans truly 
are a modification of the soil constituents at ped surfaces. 
There is less oriented clay and less aggregated oxides in the 
silanic material than in the ped interiors and there are some 
Plate 5. Thick, strongly expressed silan in argillic horizon 
of Sunbury Flat profile - note concentration of 
larger grains in light colored silan and sharp 
boundary to ped interior - approximate depth, 
32 inches; 60X, crossed niçois 
Plate 6. Argillan surrounding ped in the argillic horizon 
of the Sunbury Flat profile - black area is an 
iron-manganese oxide concentration; 60X, crossed 
niçois 
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larger skeleton grains in the sllanic material. The presence 
of some oriented clays in the sllanic material indicates that 
the development of Bilans in part involves the removal of 
clays from material similar to that in the ped interiors. It 
also appears that the dispersed oxides In the sllanic material 
involves a rearrangement and partial removal of aggregated 
oxides from the soil material. 
The occurrence of sllanic material as a surficial layer 
on peds and the gradual boundary separating it from the ped 
interiors indicate that the modifying processes decrease in 
intensity from the ped surface toward the ped interior. The 
lack of sharp boundaries at micromorphological scales of 
observation is not thought to be Inconsistent with the pres­
ence of sharp boundaries at macromorpholog1cal scales of ob­
servation. The gradual boundaries in these thin section 
figures cover distances of approximately 3 to 6 mm. at 60 
magnifications which is only 0.05 to 0.10 mm. when observed 
with the naked eye. 
In general, Bilans consist of layered soil constituents 
differing in iron, clay and coarse grain content from ped 
interiors. The micromorphological features indicate that 
modifications of the soil materials are currently more intense 
at ped surfaces and decrease toward the ped interiors. 
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SILANS: THEIR DEFINITION, IDENTIFICATION 
AND CLASSIFICATION 
The intent of the following discussion is to develop a 
useful classification of silans based on a combination of 
their characteristics as observed in this study. 
Definition of a Silan 
As the term is used in this study, a silan is a modifi­
cation of the size, shape and/or arrangement of constituents 
at natural surfaces in soil materials resulting in an accumu­
lation, either absolute or relative, of highly siliceous 
grains having colors with high values and low chromas. 
This definition stresses the fact that surficial change 
is the fundamental consideration for an understanding of 
silans. 
By derivation, silans are considered to be a sub-division 
of cutans based on the kind of cutanic material (9). The 
kind of cutanic material under consideration here is composed 
of grains larger than 2 microns in diameter which are domi-
nantly quartz and are light colored. It was noted previously 
that silans differ somewhat from most cutans in consisting of 
material which, under varying circumstances, may be considered 
as skeleton grains rather than as plasma. As the distinction 
between skeleton grains and plasma is based on both size and 
relative mobility, laboratory evidence may be necessary to 
support conclusions concerning the latter property. One of 
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the main objectives in defining and characterizing silans is 
to improve field morphological descriptions of soils. Fur­
ther, it is the author1s opinion that field evidence concern­
ing the relative mobility of granular material at natural 
surfaces in the soil is not sufficient to exclude these sur­
face modifications from the broadly defined cutans. 
Identification of Silans 
A positive identification of silans can be made because 
they possess characteristics which distinguish them from other 
surface materials and from ped interiors. 
A requisite for a silan is a natural surface in a soil 
material. It has been observed In Brunizem soils that ped 
surfaces are the dominant type of natural surface on which 
silans have been identified. Commonly silans are more notice­
able on ped surfaces of compound structures; for example, they 
are often easily recognized on vertical faces of prisms but 
are more difficult to recognize on the subangular or angular 
blocks comprising the prism framework. Silans less frequently 
have been observed on grain, channel and planar surfaces but 
these constitute a small minority compared with silans on ped 
surfaces. 
Silans are recognized by their location and by properties 
of the sllanic material itself. These properties are not 
considered individually because of their Interdependence but 
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have been collectively grouped into three kinds called color 
contrast, continuity, and thickness. 
Color contrast 
Munsell colors are determined for sllanic material and 
their associated ped interiors under both moist and dry condi­
tions . Color differences may be grouped into two classes, 
namely, high contrast, and low contrast. Suggested limits are 
given below. 
A high color contrast silan when dry must have (a) a 
chroma of 2 or less and be at least 1 unit less than the 
chroma of the dominant color of the ped interior and (b) a 
value of 6 or more and be at least 1 unit higher than the 
value of the dominant color of the ped Interior. When moist 
a high color contrast silan must have (a) a chroma, of -3 or 
less and be at least 1 unit less than the chroma of the domi­
nant color of the ped interior and (b) a value of 5 or more 
and be at least 1 unit greater than the value of the dominant 
color of the ped interior. 
All other silans which have a high color contrast when 
dry but have the same or only a slightly lighter color than 
the ped interior when moist are classed as low contrast 
silans. 
As an illustration the silans in the soil in Table 1 are 
grouped as follows: high contrast silans in soils D-P, D-Q,, 
and -D-R; low contrast silans in soils M-B, M-I, and M-E. 
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Continuity 
Estimations of the amount of ped surfaces covered with 
sllanic material are grouped into six continuity classes. 
These classes may be modified or further sub-divided according 
to their basic distribution. The proposed classes and the 
commonly observed basic distribution patterns are : 
Class no. % surface covered Basic distribution pattern 
1 >90 Regular 
2 75-90 Regular 
3 50-75 Usually clustered or banded, 
occasionally may be regular 
4 25-50 Usually clustered or banded, 
occasionally may be regular 
5 10-25 Usually clustered or banded, 
seldom regular 
6 C10 Clustered 
Thickness 
The thickness of a silan is the distance from a sharp 
boundary between ped interior material and sllanic material 
to the outer edge of the sllanic material. A sharp boundary 
exists where there is a marked decrease In the frequency of 
darkly coated grains in the ped interior along a broken ped 
face as indicated by high color contrast as defined pre­
viously . Such a boundary may appear like a pencil line in 
silty materials or a broader line, 1-2 mm., in sandy or 
67 
heterogeneous materials. The thickness may be measured In 
millimeters and reference made to the size of sllanic mate­
rial, e.g. 2 mm. thick, silty, or a relative thickness may be 
recorded and the material size inferred from a description of 
the soil. The following thickness ranges and qualitative 
terms have been found to be useful: 
Class no. Qualitative name Silty silan Sandy silan 
4 thin <0.5 mm. <1.0 mm. 
3 moderately thick 0.5-1.0 mm. 1-2 mm. 
2 thick 1-3 mm. 2-6 mm. 
1 very thick >3 mm. >6 mm. 
Where the silan is silty and thicker than 6 mm. or sandy 
and thicker than 12 mm. it is desirable to give the actual 
thickness of the sllanic material. 
Classification of Silans 
Systematic ordering of classes 
Cutans may be classified on the basis of their location, 
type and kind of cutan, and additional properties of cutans. 
According to such a scheme It is possible, if enough informa­
tion is available, to give the following description of a 
particular cutan (9, p. 286): "Simple, illuviation, joint-
plane cutan composed of clay mineral with strong, continuous 
parallel orientation, sharp boundary, strong separation and 
weak adhesion.11 
O 
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It may be possible some day to obtain this much informa­
tion about a silan, however, such a complete statement must 
rely on microscopy and other laboratory determinations. 
In this study the more easily detectable visual impres­
sions are combined to provide a measure of silan development. 
The combination is termed the 1 degree of expression1 and is 
based on three visual impressions of sllanic material, namely 
color contrast, continuity, and thickness. 
With two classes of color contrast, six classes of con­
tinuity, and four classes of thickness there ere 48 possible 
combinations. The combinations are arranged in an 8 by 6 
table, separated into 10 groups having an approximate normal 
distribution and the first three pairs of groups are classed 
as very strongly, strongly, and weakly expressed, respec­
tively, with the remaining four groups being classed as very 
weakly expressed. This arrangement is presented in Table 6. 
Examination of the groups of combinations will indicate the 
significance given to a single property when in combination 
with the two other properties. For example, if we consider 
the cases in group H where the color contrast is low, 2—, it 
is implied that moderately thick and thick silans covering 
lO-cO/c of the surface, -5% and -53, have the same • significance 
as thin silans covering £5-50)6 of the surface, -44. 
Such an assignment of significance to the individual 
properties when in various combinations is, of course, arbi­
trary and may differ according to the opinions and evidence 
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Table 6. An approximation of silan 1 degrees of expression1 
using two levels of color contrast, six levels of 
continuity and four levels of thickness 
Systematic ordering of combinations of silan properties 
Group Combinations 
A IIIe 
B 112 
113 
C 114 
211 
D 212 
213 
E 214 
B. Combination of groups into classes of 
1 degree of expression1 
Degree of expression 
Very strong 
Strong 
Weak 
Very weak 
Included 
groups 
A, B 
C, D 
E, F 
G, H, I, J 
No • of included 
combinations 
4 
12 
16 
16 
aThe first number is the level of color contrast, the 
second number is the level of continuity, and third number 
is the level of thickness. 
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of the classifier. The author is of the opinion that the com­
binations arranged in the manner shown in Table 6 provide 
classes which are reasonably consistent with the overall 
visual impressions obtained when observing silans. 
Experimental nomenclature 
It is common practice when writing soil descriptions In 
the field to use abbreviations or symbols for defined charac­
teristics as noted in the descriptions of mottles in the Soil 
Survey Manual (86). Qualitative names for classes of struc­
ture size, structure grade, abundance of roots, and other 
features are also used. The qualitative terms most frequently 
employed as those connotatlve of the most important properties 
of a class which enable one to recall the properties as well 
as suggesting the position of the class in the system. 
An examination of the qualitative nomenclature frequently 
applied to classes of soil properties and also of coined con­
notatlve names derived from Latin (44) as they might apply to 
silans was made. The results are given in Table 7. A quali­
tative description of a silan is given by listing its thick­
ness , continuity and color contrast in the order Just given. 
The use of roots and stems derived from the Lstin words per­
mits one to coin a single expression indicating a given com­
bination of silan properties. For example, a 1pachy-tot-ux 
silan' is 1 a thick, continuous, high contrast silan' is a 
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Table 7. Connotatlve names of silan property classes 
Silan 
property Connotatlve nomenclature 
and class English words Latin words and meaning 
Color contrast 
High 
Low 
High 
Low 
Lux8 
Umbra 
light 
shadow, shade 
Continuity 
> 9 0 #  Continuous To tus entire 
75-90 Nearly continuous Latus wide, broad 
50-75 Discontinuous Multus many 
id 5-50 Patchy Varius variegated 
10-%5 Spotty or clustered Racemus clustered 
<10 Sparse Nudus uncovered 
Thickness 
Silty 
< 0.5 mm. thin Tenuis thin, stretched 
0.5-1 moderately thick Lamina thin plate, layei 
1-3 thick Pachy thick 
> 3 very thick Struma heaped up 
The root or stem of the Latin word used to coin a single 
expression of the combined properties is underlined. The 
order of use is thickness, continuity, and color contrast. 
'1-3 mm. thick, high contrast silan covering greater than 90# 
of the ped surface1, and similarly a 1lami-rac-um Allan' is 
•a moderately thick, spotty, low contrast silan1 Is a '0.5-1 
mm. thick, low contrast silan covering 10-25/S of the ped sur-
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face1 . 
Interesting as these coined words may be, their acceptance 
by field personnel is not anticipated for several reasons. In 
the first place, some conflict exists with the usage of simi­
lar base words employed In the 7th Approximation of soil clas­
sification (85). Of more importance is the fact that silans 
are minor features in many soils. This lack of their wide­
spread distribution and the present low level of significance 
attached to their presence in current classification schemes 
greatly decreases the probability of an acceptance of the 
rather detailed system proposed here. It is believed, how­
ever, that the coined nomenclature provides a useful scheme 
of abbreviation for investigations where many silans are to 
be studied and described. 
Central concepts of 'degree of expression' classes 
Four classes representing different 'degrees of expres­
sion1 of silans are suggested in Table 6. These classes are 
useful when describing the general depth distribution patterns 
in a soil or in grouping soils together on the basis of their 
silans. The 'degree of expression' is a term employed at a 
high level of generalization when referring to silans and as 
such it conveys the overall visual impression of silans, 
rather than the specific properties of isolated silanic mate­
rial. This is the result of the proposed definition whereby 
we can estimate the relative modification at a natural surface 
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without becoming lost in the various details of silan prop­
erties. 
The central concept of each class of the silan !degree of 
expression1 is given below. 
Very strongly expressed silans These silans have a 
high color contrast, cover 90% or more of the ped surface, and 
are more than 1 mm. thick where silty. 
Strongly expressed silans These silans either (a) 
have a high color contrast, cover more than 50% of the ped 
surface, and are thicker than 0.5 mm. where silty or (b) if 
they have a low color contrast, cover more than 75$ of the ped 
surface and are thicker than 0.5 mm. where silty. 
Weakly expressed silans These silans may have either 
(a) a high color contrast and be l) relatively thin and cover 
less than 50a of the ped surface or be 2) relatively thick and 
cover less than -cb% of the ped surface, or (b) a low color 
contrast and be 1) relatively thin and cover more than 75# of 
the ped surface or be 2) relatively thick and cover more than 
50>o of the ped surface. 
Very weakly expressed silans The silans included here 
are those excluded from the above classes and In general con­
sist of (a) thin, patchy, high contrast silans, or (b) thick, 
discontinuous, low contrast silans or (c) other Intergrades 
toward the condition marked by an absence of silanic material. 
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COMPENDIUM OF SILAN CHARACTERISTICS 
Interpretations 
3y determining the type of natural soil surface on which 
silans occur we may infer that these surfaces provide the most 
favorable conditions for the development of silans. It was 
noted previously that silans are best expressed on ped sur­
faces in a transition zone between subangular and prismatic 
peds. It was also observed that silans have a higher degree 
of expression on vertically oriented ped surfaces than on hori­
zontally oriented surfaces. 
As the ped surface irregularities are smoothed out with 
the accumulations of silanic material, there is a decrease of 
relief on the ped surface. In general, the smoother a ped 
surface becomes because of an accumulation of silanic mate­
rial, the higher is the 'degree of expression1 of the silan. 
In addition the evidence of particle size distribution of 
silanic material with depth indicated that silans may be com­
pound soil features consisting of layers of silanic material. 
The scarcity of thin silans having a random or regular dis­
tribution supports the contention that most silans are of a 
compound type indicating the operation of one or more changes 
in conditions. 
Interpretation concerning the processes responsible for 
the accumulation of light-colored grains at ped surfaces is 
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more difficult, however, the characteristics of the silanic 
material provide a basis for inferences. 
Silanic material is dominantly a concentration of clean, 
quartz grains greater than 2 microns in diameter. Quartz 
grains do not form suspensions and readily undergo reorienta­
tion to the extent that clay minerals do, however, the grains 
may be washed into and along voids by percolating water in a 
dry soil. This type of eluviation-llluviation could proceed 
quite rapidly until the voids were saturated or swelling of 
the wetted soil material reduced the size of the transmitting 
voids. 
Oxides and hydroxides of Iron, manganese and silica may 
form solutions or suspensions but are not readily reoriented. 
They tend to assume the orientation or configuration of some 
other feature, such as coating a mineral grain. The lower 
content of oxide-coated grains, total iron and total manganese 
in silans compared with their associated ped Interiors indi­
cates that processes at these ped surfaces are not favorable 
for formation of these oxides, although it is not well known 
whether the processes are favorable for the removal of pre­
viously existing oxides. The conditions for the accumulation 
of amorphous silica at these ped surfaces whether by illuva-
tion as entitles or by synthesis to form secondary grain 
growth is not well known or understood at present. The pres­
ence of thin silanic layers strongly cemented to dried ped 
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surfaces in some till-derived soils indicates that some pro­
cess of translocation from the ped interior toward the ex­
terior may also be involved. The bulk of the evidence at 
present suggests that illuviation of some of the granular mate­
rial and eluviatlon of the more soluble and mobile constituents 
operate at the ped surfaces and are involved in the develop­
ment and maintenance of silans. 
Much of the evidence indicates that the processes are 
periodic, however, neither the sequential order nor the magni­
tude of the cycles is known. The processes involved in soil 
gains, losses, transformations and translocations may all be 
concurrent and only future investigations will suggest their 
directions and magnitudes. It is believed that the process of 
illuviation of granular material and the process of eluviatlon 
of the more soluble and mobile constituents in soil zones 
where silans are present operate in the same direction so 
that silans are either maintained or undergo Increasing devel­
opment . 
The occurrence of silans in soil materials is of impor­
tance in several aspects of soil studies. The effect of their 
presence on the course of soil development, on the properties 
of soil materials in relation to plant growth, and on the 
interpretation of chemical analysis may be considerable. 
As silans develop in a soil material and form an increas­
ing proportion of it they tend to isolate portions by means 
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of a porous buffer zone at the natural surfaces such as walls 
of voids and surfaces of peds and stones• With the develop­
ment of a medium, more porous than the bulk of the soil mate­
rial, changes in many processes, such as leaching, may sig­
nificantly alter the course of soil development, particularly 
where conditions of free drainage exist. It is also likely 
that the rate and course of mineral weathering will be dif­
ferent in such a medium. 
The presence of silans may have an effect on plant growth 
because they present a more favorable physical environment for 
the growth of plant roots but may also be a poorer site for 
nutrient absorption than the associated ped interiors. At 
the same sites rather extreme moisture conditions may exist 
throughout the growing season. The implication of increased 
leaching and weathering suggests that wide fluctuations in 
the supply of plant nutrients may also occur throughout the 
life of plants. 
If silans attain the significance indicated above it is 
apparent that the usual routine soil analyses may lead us to 
interpretations which are misleading concerning plant growth 
or the course of soil development. Soils containing strongly 
expressed silans are more properly characterized by analyses 
of both the silanic material and the bulk material. 
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Conclusions 
The objective of this part of the study was (a) to deter­
mine some characteristics of grainy, gray ped coatings as an 
aid in defining and classifying them and (b) to obtain evi­
dence which might indicate some of the processes involved in 
their genesis. 
From theoretical considerations it is believed that the 
term "silan11 proposed by Brewer (9) is applicable to the 
light colored, grainy or powdery coatings on ped surfaces 
observed in this study. 
Samples of silanic materials were obtained from the mono­
lith collection at the Agronomy Building and from other soils 
collected by the author. Determinations of the color, size, 
composition and morphology of the silanic material were made. 
The results reveal the following general characteristics: 
1. Silans have higher color values and lower color 
chromas than ped interiors and exhibit a higher color contrast 
when dry than moist. 
c. Silans commonly occur on peds which are mottled or 
of mixed colors. 
3. Silans tend to be composed of relatively greater 
amounts of larger grains than the ped Interiors and are layer­
ed both vertically and horizontally along ped surfaces. The 
clays in silanic materials have larger crystallites than clays 
in ped interiors. 
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4. Silans have higher quartz/feldspar and quartz/coated 
grain ratios than ped interiors which indicate a concentration 
of clean quartz grains at ped surfaces. Differences in clay 
compositions indicate that there is increased weathering at 
ped surfaces relative to ped interiors. 
5. Silanic material contains less total iron and often 
less total manganese than ped interiors which supports the 
conclusion that grains coated with oxides are less abundant 
in silans. 
6. As silans exhibit a range in thickness and of dis­
tribution patterns classes of thickness and continuity may 
be used to organize observations of these properties. 
A more precise definition of silans was formulated. A 
silan may be defined as a modification of the size, shape 
and/or arrangement of constituents at natural surfaces in 
soil materials resulting in an accumulation, either abso­
lute or relative, of highly siliceous grains having colors 
with high values and low chromas. 
A classification scheme with accompanying nomenclature 
was developed. The scheme uses color contrast, continuity 
and thickness as differentiating criteria. The highest cate­
gory is the "degree of expression" of silans and contains 
four classes; very strong, strong, weak, and very weak. 
At this level of generalization comparisons among silans 
in varying stages of development may be made ; differenti­
ating details of the properties are considered at the 
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lower levels of generalization. 
From an analysis of the properties of silanic material 
it is inferred that illuviation of some granular components 
and eluviatlon of more soluble and mobile components have been 
and probably are processes active in the formation and main­
tenance of silans. 
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PART II. SUBSOIL SILANS IN RELATION TO BRUNIZEM SOILS 
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MORPHOLOGY OF BRUNIZEM AND ASSOCIATED SOILS 
The term 11Brunizem11 wag introduced in 1952 (69) to re­
place the term "Prairie soil". It was proposed to eliminate 
the confusion which existed from multiple use of the word 
"prairie11 for (a) a kind of vegetation, (b) all soils formed 
under grass, and (c) a great soil group. As a great soil 
group the Brunizems are dark colored, naturally better drained 
soils on undulating to rolling topography and were formed 
under tall grass vegetation in cool-temperpte regions. 
The Brunizem soils have dark colored surfaces, 6 inches 
or more thick in virgin soils, with moist colors of 10YR 3/1, 
3/2, or 2/2. The subsoil colors are brown, yellowish brown or 
grayish brown and frequently have mottles or other evidence 
of incipient gleying. The horizons are not sharply separated, 
but have diffuse boundaries usually several inches thick. 
In the cool-temperate regions most soils formed under 
deciduous forest are called Gray-Brown Podzolic soils. They 
have thinner A^ horizons and sharper horizon boundaries than 
the Brunizem soils. Intergrades between these two great soil 
groups have been recognized for many years and at the aeries 
level have been the basis for some mapping units, however, as 
a group they have not been given a separate and distinct 
formal name. Studies such as those of Shrader (68), Cain and 
Riecken (14), White and Riecken (90), Tyler et_ al. (77), Green 
and Riecken (24), and Corliss and Ruhe (15) indicate that 
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the properties of these soils lie between the central or modal 
properties of the Gray-Brown Podzolic and Brunizem soils. 
According to the 7th Approximation Classification Scheme 
(85) most Brunizem soils and some of the intergrades mentioned 
above belong in a class called Mollisols. A Mollisol is a 
soil that must have a surface layer called a mollic epipedon 
which is defined by specific properties of the layer Itself. 
The concept of the mollic epipedon centers on a thick, dark 
surface layer dominantly saturated with bivalent cations, with 
narrow carbon-nitrogen ratio and with moderate to strong 
structure. Structure, color and thickness, three of the seven 
defined properties, can easily be determined in the field. 
Where Brunizem soils do not conform to the Mollisol class 
it is usually because they have either (a) thinner or (b) 
lighter colored surface layers than specified for a mollic 
epipedon. 
host of the Gray-Brown Podzolic soils of the upper 
Mississippi valley are included in the class called Alfisols. 
They do not have mollic epipedons but do have clay enriched 
subsoils called argillic horizons. 
The intergrade soils in this area usually belong in one 
group or the other depending on the degree of development of 
their mollic epipedons, but generally have been placed in the 
Alfisols. 
In the field studies of the present investigation the 
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observed soils were grouped into those having mollic epipedons 
and those not having mollic epipedons. The surface layers not 
dark enough or thick enough to be considered mollic are desig­
nated as ochric epipedons. Accordingly the two groups are 
soils with mollic epipedons and soils with ochric epipedons. 
Most Gray-Brown Podzolic soils have a light colored sub­
surface horizon, an Ag, overlying a clay enriched B horizon. 
Where the Ag and B are mixed such that peds of the textural B 
are surrounded by Ag material a horizon designated A & B or 
B & A may be separated depending on the dominance of A or B 
material in the horizon (88). In these combination horizons 
the light colored Ag material often conforms to the definition 
of "silans" given in Part I of this study. These horizons 
usually occur near the surface in Gray-Brown Podzolic soils 
in Iowa as the top of the textural B horizon is commonly 
found at depths of 10-20 inches. 
Brunizem soils, by definition do not include light 
colored zones or horizons near the surface, yet it has been 
noted that in some Brunizem soils of eastern and northeastern 
Iowa (69) coatings of light gray silt occur on peds in the 
lower B horizons. Smith et al. ( 7-3) explain these coatings 
observed in the lower part of the B horizons as possible 
relic characteristics of Gray-Brown Podzolic soils. 
In or just below the plowed layer of some soils, accumu­
lations of clean sand and silt grains sometimes are observed 
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along partings of the soil material. These coatings may also 
conform to the definition of silans, however, they are not as 
permanent as the coatings occurring below the level of machin­
ery disturbance and have not been included in this part of 
the study. 
In order to estimate the magnitude of the presence of 
silans in the lower subsoil of Brunizem soils an attempt to 
determine the distribution of such soils was made. The objec­
tives of this part of the study are (a) to determine the rela­
tionship of Brunizem soils with mollic epipedons to the pres­
ence of silans in their lower B horizons and (b) to evaluate 
the distribution of such soils with regard to conditions which 
might favor the development of silans. 
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FIEID OBSERVATIONS 
Random Sites 
The core of the field investigations is a collection of 
soil site observations made in northeast Iowa. The sites were 
selected from a random subsample of a previously drawn random 
sample of quarter-sections (3). The subsample consisted of 
four quarter-sections per county for those counties included 
in the Cresco-Kasson-Clyde (CKC), Kenyon-Floyd-Clyde (CC) 
soil associations and some of the counties outborder on the 
south in the Tama-Muscatine (TM) soil association (see Figure 
3). The location of each site was determined with a grid 
system employing random numbers for coordinates. Where the 
site was far from a road a comparable site with regard to soil 
type and topography was selected at the time of observation. 
The soil at each site was sampled with an Oakfield soil probe. 
Observations relative to the type, color, and thickness of 
the epipedon and the presence, degree of expression, and depth 
of occurrence of silans were noted. In addition the kinds of 
soil material and the natural drainage class of each soil was 
estimated. Sixty-nine sites were visited during this phase of 
field investigations. 
Figure 3. Map showing location of Brunizem soils with silans 
in their subsoils (each dot represents such a soil) 
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Presence of silans 
In the core study, soils derived from loess, till, loess 
over till, and other translocated materials over till were 
included. The inter-relationships of the kind of epipedon, 
presence or absence of silans in subsoil and estimated drain­
age class are shown in Table 8. 
Table 8. Number of soils in the random sample having 
selected soil properties 
Occurrence of silans8" 
Kind of Present Absent 
epipedon W M I P W M I P Totals 
Mollic 89 3 - 6685 45 
Ochric 14 3 — — 3 4 — — 24 
Totals 22 12 3 9 10 8 5 69 
aThe letters W, M, I, and P refer to the estimated 
drainage classes called well, moderately-well, imperfect, 
and poor, respectively. 
Based on this random sample the following general conclu­
sions may be made for the area represented by the sample: 
1. Soils with mollic epipedons are nearly twice as 
prevalent as soils with ochric epipedons. 
2- Silans are present in slightly more than half of 
the soils. 
3. More of the soils having mollic epipedons lack silans 
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than those having silans. 
4. More of the soils having ochric epipedons have silans 
than those lacking silans. 
5. Silans are dominant in the moderately-well and well 
drained soils regardless of the type of epipedon. 
Some Brunizem soils may not have mollic epipedons. A 
modal Brunizem has about 14 inches of A%, however, the thick­
ness range of the A^ horizon is given as 6 to 20 inches by 
Smith et al. (73). Where the solum is .30 inches or greater 
a mollic epipedon must be 10 inches or greater (85), there­
fore, some Brunizems are excluded from Mollisols by prior 
definition. Erosion may have removed part of the dark 
colored surface leaving a layer too thin to qualify for a 
mollic epipedon. Although these soils are still considered 
to be Brunizems, it is proposed they be excluded from the 
Mollisols. These thin surface layers are considered to be 
ochric epipedons (85) and the soils are classified on their 
other properties. When the soils were grouped by great soil 
groups the following relations were noted: 
Great soil groups 
Gray-Brown Podzolic soils 
Kind of epipedon 
Mollic Ochric 
0 9 
Intergrade soils 
Brunizem soils 38 
2 
12 
3 
Weisenboden soils 5 0 
This grouping indicates that almost one-fourth of the 
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Brunizem soils may not have mollic epipedons. It is also 
noted that Gray-Brown Podzolic-Brunizem intergrade soils may 
have either mollic or ochric epipedons. 
This phase of the field study suggests that up to 60/Ô of 
the oetter drained Brunizem soils in northeast Iowa may con­
tain silans in their subsoils. 
In 195% Simonson et al. (69) estimated thet the Carring-
ton series covered 30 to 4C)£ of the Carrington-Clyde soil 
association. At present the area is known as the Carrington 
(Kenyon)-Floyd-Clyde soil association. Tyler et_ al. (77) have 
recently used the symbol KFC in referring to the Carrington 
(Kenyon)-Floyd-Clyde soils association and as a matter of con­
venience it will be referred to as the Kenyon-Floyd-Clyde 
soil association in this study. Kenyon and Floyd are the 
dominant soils of the older Carrington soil series. This 
soil association covers about 4.4 million acres of which 1.4 
to 1.8 million acres are Kenyon and Floyd soils. It is esti­
mated, therefore, that silans may be present in a little over 
a million acres of Brunizem soils in northeast Iowa. 
Selected Sites 
To obtain more information concerning the presence of 
Bilans in the Tama and Tama-like soils, several areas were 
selected for further observation. One area, centered in 
Cedar and Scott Counties (see Figure 3) is within the region 
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where the soils had been noted to have strongly expressed 
silty coatings in their subsoils (73). The soils in the other 
area, Marshall and Jasper Counties, are nearer the type 
locality of Tama silt loam and contain only weakly expressed 
silans in their subsoils. 
The soil sites selected in these two areas represent the 
stable uplands wherever possible. Major drainage divides into 
which integrated drainage systems have not incised deeply were 
located on maps and soil sites where erosion was not precluded 
were examined with an Oakfield soil probe. Soils exposed by 
recent roadcuts passing through the broad divides were also 
examined for the presence of silans. No attempt was made to 
examine soils on all broad drainage divides; the intent was 
to obtain a scatter of observations. 
About 50 sites were examined in Cedar and Scott Counties. 
Most sites occur along a 15 mile traverse stairstepping east 
and south of the Sunbury Flat. 
Most of the 63 sites examined in Jasper and Marshall 
Counties occur in a belt, 5 to 10 miles wide, that roughly 
parallels the course of the Iowa and Skunk Rivers in these 
two counties. 
Five areas each in Taylor and Lucas Counties were pre­
selected to permit examining the occurrence of silans among 
the soils of biosequences in the Sharpsburg-Shelby-Winterset 
and Sheley-Grundy-Haig soils associations, respectively. 
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Presence of silans 
At the soil sites in Cedar and Scott Counties, strongly 
expressed silans were noted in 38 of the 50 sites examined. 
Fifty-eight Brunizem soils, 1 Weisenboden and 4 Gray-
Brown Podzolic soils were observed in Jasper and Marshall 
Counties. Twenty sites of the Brunizems had weakly expressed 
silan zones and an additional 13 sites contained isolated 
patches of weakly expressed silans. 
The presence of silans in the soils in Taylor and Lucas 
Counties was not found to be a common characteristic of either 
the intergrade soils or the Brunizem soils. 
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AREAL DISTRIBUTION OF BRUNIZEM SOILS HAVING SILANS 
IN THE LOWER B HORIZON 
Additional information regarding the areal distribution 
of soils having silans in their subsoils was also obtained by 
the author (a) during the course of field survey work in Story 
County (Clarion-Nicollet-Webster soil association) (53) and 
Crawford County (Monona-Ida-Hamburg and Marshall soil asso­
ciations), (b) by attending field reviews in Keokuk County 
(Mahaska-Taintor-Otley and Cllnton-Lindley soil associations), 
Bremer County (Kenyon-Floyd-Clyde soil association) and in 
Winneshiek County (Fayette and Tama-Downs soil associations), 
and (c) on sampling trips in eastern and southeastern Iowa 
with Turner (76) and Brasfield (8), in Bremer, Blackhawk 
and Tama Counties in northeast Iowa, and in northwestern 
Iowa, southeastern South Dakota and northeastern Nebraska-
Many published soil descriptions have also been reviewed as 
an aid in establishing and defining areas where the soils 
contain silans. 
The areal distribution of Brunizem soil sites in Iowa 
where silans are known to occur is shown in Figure 3• Most 
of the Brunizem soils have mollic epipedons, however soils 
on steeper slopes where erosion is more active may have dark 
colored surface horizons too thin to qualify for mollic 
epipedons. 
It is noted that Brunizems with silans are generally 
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limited to the northeastern lowan drift area end the eastern 
Iowa loess area adjacent to the Iowan drift. This general 
area has an average annual rainfall of 30 to 35 inches, 45 to 
50° F. mean annual temperature, a frost-free growing season 
of about 160 days, and frost penetration of 30 to 40 inches 
in the winter (71). 
The Brunizem soils in this area exhibit minimal to medial 
development of textural B horizons and their solums do not 
contain free carbonates. 
The Brunizem soils throughout the rent of the state 
characteristically do not contain silans in their subsoils. 
Based on the observations of the author and published soil 
descriptions it is estimated that less than 1% of the Bruni­
zem soils in other parts of the state have silans in their 
subsoils. There seems to be two situations in which silans 
have been observed in the Brunizem soils outside of northeast 
Iowa. In one case the silans usually occur at depths greater 
than 30 inches in some soils located adjacent to major 
streams. The sites are often loess-covered stream terraces 
or elevated alluvial fills and such sites are commonly areas 
where trees are nearby. 
Weaver (87) in a review of the flood plain vegetation of 
the central Missouri Valley and of the contacts of the wood­
land with prairie states that trees readily become established 
on recent floodplain materials and extend along the course of 
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the waterways far into the prairie grass domain. Once the 
trees are established they persist and effectively compete 
with the native prairie grasses. In the uplands the native 
grasses and forbs achieve a remarkable balance in their 
utilization of the available growth factors (88). Both the 
lowland and upland grasses have defense mechanisms that enable 
them to persist (89). The lowland grasses, such as big blue-
stem and Indian grass, endure shading and rapidly develop 
rhizomes to make a sod cover. The upland grasses, such as 
little bluestem and needle grass, successfully compete for 
water with their fine, profusely branched and wide spread 
root systems and are able to withstand drought. 
The initiation of tree invasion occurs on the disturbed 
soil materials along intermittent and perennial streams and 
once established they become effective competitors in these 
areas. 
The location of soils having Bilans in their subsoils in 
some of these same areas where trees may be expected to exist 
suggests that the presence of trees is correlated with the 
presence of Bilans in these sites. 
The other situation in which Bilans have been noted to 
occur is in the zone where Brunizem soils intergrade to Gray-
Brown Podzolic soils. The reconnaissance of the intergrade 
soils by the author in Taylor and Lucas Counties revealed 
that Bilans may be present in the B]_ or B2]_ horizons but 
rarely do they occur in the lower B horizon subdivisions. 
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Isolated clean grains of quartz are common In the lower A 
horizon but these are not Bilans. The gray color coatings in 
the B horizons have been Interpreted as clay skins in most 
cases, and not as silans. The associated Brunizem and Gray-
Brown Podzolic soils do not have silans in their subsoils. 
Thus, based on the observations by the author it is concluded 
that the loess-derived soils in southern Iowa do not commonly 
have subsoils characterized by the presence of silans. 
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DISTRIBUTION OF SILANS IN SOIL PROFILES 
The three soil associations in which silans are common 
features in the subsoils of the Brunizem soils are the Kenyon-
Floyd-Clyde, Cresco-Kasson-Clyde, and Tama-Muscatine soil 
associations. The random sites located in the Kenyon-Floyd-
Clyde and Cresco-Kasson-Clyde soil associations and descrip­
tions of soils from other sources were examined in more detail 
to determine if the zones of silans were associated with 
other soil features. A reconnaissance of soils in both the 
eastern and western parts of the Tama-Muscatine soil associa­
tion was made to better understand the distribution of soils 
having silans in their subsoils in this association. The 
results of these two endeavors are discussed by soil associa­
tions. 
Kenyon-Floyd-Clyde Soil Association 
Many of the soils in this association occur in two-story 
materials. The upper material is better sorted than the lower 
material; in some places it is thought to be loess and in 
others it may be glacial wash or pedisediment (37, 48, 61, 
70, 77). The lower material is loamy, slightly firm to firm 
till, presumed to be lew an (-37, 77). 
The upper story materials overlying the till regardless 
of origin are termed "translocated material over till" in this 
study. Eleven sites from the random sample reconnaissance, 
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nine sites from theses, and 17 sites from other sources are 
included in this summary. A breakdown of soils with subsoil 
silans according to type of eplpedon, drainage class, and 
source of information is given in Table 9. 
Table 9. Information sources of the soils in the Kenyon-
Floyd-Clyde soil association having certain 
properties 
Drainage class Random sample Thesis Other 
Soils with a mollic eplpedon 
and silans in subsoil 
Well 
Moderately-well 
Imperfect 
Tot al 
2 4 
5 2 2 
1 4 2 
8 6 8 
Well 
Moderately-well 
Imperfect 
Tot al 
Soils with an ochric eplpedon 
and silans in subsoil 
1 2 
2 2 5 
1 2 
3 3 9 
The soils of the Cresco-Kasson-Clyde soil association are 
generally similar to those of the Kenyon-Floyd-Clyde associa­
tion (5-3) and are included in the following discussion rather 
than being discussed separately. 
From the summary given in Table 9 it is evident that 
ped coatings which may be interpreted as silans have been 
found in about as many soils having mollic epipedons as in 
those having ochric epipedons. The soils with ochric 
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epipedons Include one Brunizem soil (eroded), eight inter-
grade soils, and six Gray-Brown Podzolic soils. 
If the profile horizons are plotted to scale it becomes 
apparent that several depth distribution patterns of silan 
zones exist. Although the depth to the underlying till ranges 
from 13 to 40 inches in these profiles the usual ease of recog­
nition of the till contact provides a useful reference plane. 
It was found that five classes of relationship between the 
silan zones and the till surface could be separated. 
The relationships of the till surface and the silan zone 
are shown schematically in Figure 4A. The letters merely 
designate a class and have no other significance. The rela­
tive frequencies of soils, differing in drainage and in type 
of eplpedon, which occur in each class are given in Figures 
4B and 40• 
Although five depth distribution patterns of silan zones 
can be distinguished the significance of these patterns is 
not understood at present. Many more samples are needed to 
test the validity of these patterns. Information regarding 
tne landscape position plus additional profile information 
is needed to properly evaluate these patterns. It is hoped 
that the field recognition, description and classification of 
silans will be useful in further understanding these soil 
relationships. 
Some inferences may be made from the frequency distribu-
Figure 4. Depth distribution patterns of silan zones and 
frequency distributions of some soils in the 
Kenyon-Floyd-Clyde soil association according to 
the various patterns 
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tlons in Figure 4. The well drained and imperfectly drained 
soils may be considered as representing extremes or two sep­
arate modais regarding their frequency distributions and the 
moderately-well drained soils represent intergrades between 
the two moaals• The Imperfectly drained soils tend to have 
silan zones only in the D and E patterns. The well drained 
soils with mollic epipedons tend to have silan zones of pat­
tern D and the well drained soils with ochric epipedons tend 
to have silan zones of pattern G. 
From the relation of the silan zones and the till surface 
it is inferred that moisture supply and movement are involved 
in silan development. The till is generally more compact 
and less permeable to water than is the overlying translocated 
material. Pattern G, where the silan zone is initially en­
countered above the till and extends into the till material, 
is found only in the better drained soils. In contrast pat­
tern E, where the silan zone is initially encountered below 
the till surface, is observed only in the more poorly drained 
soils. As more data concerning the type of silans present is 
obtained it may indicate the magnitude of the processes in­
volved in silan development and the relationship to the mois­
ture regime of these soils. 
The schematic sketch of the distribution patterns in 
Figure 4A doesn't indicate the actual depths at which silans 
occur. Plots.of the depth at which silans commence in re la-
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tlon to the depth at which the till surface is encountered 
are shown in Figure 5. The diagonal line represents the 
situation where silans commence at the till surface, as in 
patterns B and D. 
The location of datum points indicates that subdivisions 
of the depth distribution patterns could be based on depth 
classes of (a) the silan zones, (b) the till surface or, 
(c) some combination of these two depths. It was not attempt­
ed here because the sample is small and such subdivisions do 
not seem warranted at this time. 
Average values of surface thickness, depth to till, 
depth to silans and thickness of silan zones are given for 
these soils in Table 10. 
There is a tendency for the till contact and the silan 
zone to occur at greater depths in those Brunizems which have 
thicker mollic epipedons. Thicker silan zones appear to be 
found in the moderately well drained Brunizem soils. Caution 
should be heeded in genetic interpretations of these average 
values since the degree of expression of silans is believed 
to be a better indicator of the magnitude of silan develop­
ment than the thickness of the silan zone. The depth and 
thickness may Indicate the zone in which conditions are favor­
able for the development or maintenance of silans but they do 
not in themselves indicate the magnitude of the processes 
involved. 
Figure 5. Depth relations of silans and till in some soils 
of the Kenyon-Floyd-Clyde soil association 
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Table 10. Average measurements of selected soil features 
of some soils with silans in the Kenyon-Floyd-
Clyde soil association 
Estimated 
natural 
drainage class 
Surface 
thickness 
(inches) 
Depth 
to till 
(inches) 
Depth 
to silans 
(inches) 
Thickness of 
silan zone 
(inches) 
A. Soils with mollic epipedons 
Well 13.3 27.1 26.0 19.0 
Moderately-well 12.5 21.7 25.2 24.0 
Imperfect 11.4 22.4 25.1 13.9 
Average 12.4 23.7 25.4 19.0 
B. Soils with ochric epipedons 
Well 7.3 22.7 18.0 10.0 
Moderately-well 5.5 22.2 19.4 23.0 
Imperfect 6.3 19.3 17.0 27.7 
Average 6.4 21.4 18.1 20.2 
Tama-Muscatine Soil Association 
The dominant soils of this association are loess-derived 
Srunizem soils of the Tama and Muscatine series. These soils 
are estimated to cover about 70/s of the association or approx­
imately 1.9 million acres. Simonson et al. (69) noted that . 
"transitional" soils occur between the Tama-Muscatine (Bruni-
z em) region and the Fayette (Gray-Brown Fodzolic ) region. 
They mention that some areas in Cedar and Scott Counties may 
represent such transition zones and that someday they may be 
recognized as distinct associations when more is known about 
the soils. They also considered the western region of the 
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association to have typical Brunlzem soils whose profiles are 
marked by diffuse horizon boundaries. These regions are out­
lined in Figure 6. 
The soils examined in Sco it and Cedar Counties often have 
mottling in the subsoil and are considered to be moderately 
well drained. Although the more strongly sloping soils may 
have less mottling they do not have the bright brown colors 
free of mottles of the soils on comparable landscape positions 
in the western region of the association (Figure 6). Conse­
quently no separations were made for estimated drainage 
classes in the eastern region during the reconnaissance. 
Silans were moderately well to well expressed where observed 
and only 1£ of the 50 sites lacked silans in their subsoils. 
In the western region 20 of the 58 Brunlzem sites had 
definite silan zones but the silans were usually weakly ex­
pressed; an additional 13 sites had isolated patches of 
silanic material but no definite zones in the profile were 
detected. 
Some comparisons of the two regions are given in Table 
11. The silans are more strongly expressed in the soils in 
the eastern region than in the western region and they also 
tend to occur at shallower depths. 
An estimate of the magnitude of the occurrence of silans 
in subsoils of the Brunlzem soils of the Tama-Muscatine soil 
association may be obtained from these observations. Approxi-
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Table 11. Comparisons of soils in the eastern and western 
regions of the Tama-Muscatine soil association 
Eastern region Western region 
(Cedar and (Jasper and 
Scott Counties) Marshall Counties) 
Number of Brunlzem 
soil sites observed 50 58 
Soils with silan 
zones in subsoil 38 20 
Silan expression 
Very strong 26 1 
Strong 12 6 
Weak — 9 
Very weak 
a. in a zone - 4 
b. isolated, not 
in a zone 3 13 
Average depth to 
silan zone (inches) 28.6 34.3 
mately 75^ of the soils in the eastern region and about 35# 
of the soils in the western region may contain recognizable 
silan zones. The eastern region, located east of Linn and 
Johnson Counties, is estimated to be about half the size of 
the western region (Figure 6). This means that possibly 
480,000 acres of Brunlzem soils in the eastern region and 
450,000 acres of Brunlzem soils in the western region of the 
Tama-Muscatine soils association contain silans in their sub­
soils. The silans in the eastern region are generally 
strongly to very strongly expressed and occur in zones whereas 
Ill 
the silans in the western region are only weakly expressed when 
in zones or occur as isolated patches on ped surfaces (see 
Plate 7). 
In Illinois silt coatings have been noted in Tama soils 
in Carroll County (51) and in La Salle CountyThe coatings 
in the lower B horizons seem to qualify as weakly expressed 
silans. Silty coatings on ped surfaces also have been noted 
in the associated intergrade (see Plate 8) and Gray-Brown 
Podzolic soils. The loess-derived Brunlzem soils in north­
western Illinois were grouped with those of the eastern region 
of the Tama-Muscatine soil association in Iowa by Smith ejt al. 
(73), and it is possible that up to 75# of the Brunlzem soils 
in that area may have silans in their subsoils. 
J. D. Alexander, Agronomy Department, University of 
Illinois, Urbana, Illinois. Presence of silty ped coatings 
in Tama soils in Illinois. Private communication. 1962. 
Plate 7. Air dry monoliths of several 
Brunlzem soils: from left to 
right the soils are k-K., k-I, 
and k-D mentioned in the text 
and Kasson, a well drained 
soil developed in firm till 
that has a thin A-j_ horizon -
photograph colors are more 
yellow than natural colors ; 
scale in feet 
Plate 8. koistened monoliths of 
several Gray-Brown Podzolic-
Brunizem intergrade soils: 
from left to right the 
soils are k-G, K-F, k-E, 
k-C and k-B mentioned in 
the text - photograph 
colors are more red than 
natural colors ; scale in 
feet 
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EVALUATION OF THE DISTRIBUTION PATTERNS 
Based on information from field reconnaissance and pub­
lished soil descriptions, the general distribution pattern of 
tirunizem soils in Iowa having Bilans in their» subsoils was 
established. Subsoil silans are known to occur in some of 
the Brunizem soils of the Kenyon-Floyd-Clyde, Cresco-Kasson-
Clyde and Tama-Muscatine soil associations in Iowa and it is 
thought that they may be present also in the loess-derived 
soils in the Tama-Downs soil association. 
In Illinois, silans are known to occur in at least part 
of the Tajiia-Musc a tine-Sable soil association and are likely 
present in some soils of the Tama-Downs-Dodgeville soil asso­
ciation, not only in Illinois, but also in southwestern Wis­
consin and southeastern Minnesota (71). 
In Iov;a it is estimated that Brunizem soils with subsoil 
silans in the Kenyon-Floyd-Clyde soil association may include 
up to a million acres and in the Tama-Muscatine soil associa­
tion they may include slightly less than a million acres. 
In the Tama-Muscatine soil association silans are more 
prevalent and better expressed in the eastern region centered 
in Cedar and Scott Counties. 
If the estimates of the magnitude of the presence of 
subsoil silans are correct they serve to emphasize that this 
study is only an initial exploratory one and that much work 
will be necessary to elucidate the location, grades of 
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development and other properties, genesis, and morphological 
significance of silans. 
The regional distribution pattern of Brunizem soils 
having silans in their subsoils and the characteristics of 
the silanic material allow one to set tentative parameters 
on some of the conditions which appear to influence their 
development. 
Subsoil silans may occur in soils which have the fol­
lowing sequence of diagnostic horizons : mollic epipedon, 
cambic horizon, argillic horizon, and C horizon. Subsoil 
silans rarely occur in soils having either of the following 
horizons sequences^ (a) mollic epipedon, cambic horizon and 
C horizon; (b) mollic epipedon, argillic horizon and C hori­
zon . 
In Iowa most of the better drained upland soils having 
a mollic epipedon, cambic horizon, and C horizon sequence 
are located in the Clarion-Webster, Storden-Clarion-Webster, 
Marcus-Primghar-Sac, Galva-Primghar-S ac, Moody, and Monona-
Ida-Hamburg soil association (see Figure 3)• These soil 
associations are located in the northwest part of the state 
and the important soil parent materials are calcareous 
glacial drift and calcareous loess (69). 
Some upland soils having the above horizon sequence are 
also located in the Kenyon-Floyd-Clyde and Tama-Muscatine 
soils association in northeast Iowa where the important soil 
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parent materials are partly leached glacial drift and leached 
loess. 
Soils having a mollic epipedon, argillic horizon and C 
horizon sequence are associated with the Marshall, Shelby-
Sharpsburg-Winterest, Sh e 1 b y- Grundy - Hal g, Shelby-Seymour-
Edina, Grundy-Haig, Mahaska-T'aintor, and the western part of 
the Tama-Muscatine soil associations. The important soil 
parent materials in these southern Iowa soil associations are 
leached loess and leached glacial drift. 
Soils having two diagnostic horizons, namely, cambic and 
argillic, below a mollic epipedon appear to be restricted to 
the soils in northeast Iowa. Although cambic horizons over­
lying argillic horizons have not generally been recognized 
in northeast Iowa, the presence of an albic horizon between 
a thin mollic epipedon and an argillic horizon that contains 
grainy ped coatings (silans) has been reported by Tyler et 
al. (77). These latter soils are thought to be Gray-Brown 
Podzolic-Brunizem intergrades. 
The occurrence of an argillic horizon separated from an 
epipedon by another diagnostic horizon is not characteristic 
of Brunizem soils, but is characteristic of many Gray-Brown 
Podzolic soils. 
It appears, therefore, that the presence of silans is 
closely related to the soil processes active under deciduous 
forests and may be considered as relic features in soils 
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T'ama-Muscatine soil association. Even where present the silans 
are weakly expressed in these soils. Some soils have an 
argillic horizon below a mollic epipedon and others have a 
cambic horizon below a mollic epipedon. Is the presence of 
silans on the vertical faces of weakly developed prismatic 
structural units indicative of e former forest vegetation? 
Has there been only a shift of vegetation from forest to 
grass or has there also been an additional accumulation of 
loess plus a change of vegetation? These problems of soil 
genesis are unresolved at present. 
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PART III. GENESIS AND CLASSIFICATION OF SOILS HAVING SILANS 
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EVALUATING SOIL DEVELOPMENT 
Requisites 
Soil development may be defined as the establishment of 
"particular11 organization patterns in mineral bodies at the 
land surface (13) . The individual soil layers which exhibit 
distinct variation with depth are called soil horizons. 
To evaluate soil development it is necessary to determine 
the prior or initial state of the soil material for each hori­
zon and collectively for the profile. This prior state is 
referred to as the parent material and the comparison of pro­
file parent materials with present soil horizons is the object 
of soil development studies. 
Prerequisites for the evaluation of soil development in­
clude : (a) unity of the system under study, (b) continuity 
of the system, (c) prior state of the mineral body, (d) time 
and duration aspects of the soil and (e) the status and 
environmental conditions during soil development. 
The unity of the system depends on the separation of the 
soil from contiguous materials and on the completeness of the 
soil profile. Separation or distinctness is tested by trac­
ing the continuity of the horizon assemblage over a diversity 
of substrates which are not a part of the assemblage. The 
completeness of the horizon assemblage is then tested on the 
principle of association (13), that is, the materials always 
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present in the assemblage are presumed to comprise the parts 
of the assemblage, but if a material is foreign it will be 
found separated from the assemblage and such an occurrence 
proves incompleteness. However, if erosion or lack of space 
does not permit the whole assemblage to be present it will 
usually be evident. 
The continuity of the system refers to the constantly of 
the parent material whereby there have been no losses or gains 
of parent material from the soil system under consideration. 
If such changes are known to heve occurred they must be con­
sidered in evaluating soil development. The unity of the 
soil system, the continuity of the system, and the prior 
state of the mineral body must be determined before reliable 
decisions about soil development can be reached. Based on 
these decisions proposals may be made concerning the soil 
processes. Knowledge of the time and duration aspects and 
the environmental conditions during soil development are 
useful in evaluating the relevance of the proposed processes. 
Estimation of the prior state of the soil material is 
difficult and in many soil studies parent material uniformity 
has been assumed rather than tested. De Leenheer (17) has 
discussed the concept of pétrographie province as a tool in 
an evaluation of pedo-chemical versus geo-cheraical weathering. 
In this approach the uniformity is tested by studying the 
variations in frequency of heavy resistant mineral suites in 
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soil materials. If the variability is within the range of 
normal variations expected or determined for the pétrographie 
province the parent material is considered to be uniform. 
The prior state of the material should have been uniform 
along a vertical axis or else its variability known If calcu­
lations of gains and losses of the horizons are to be made. 
Often soil studies are based on the distribution of some 
resistant mineral or minerals which show consistent trends in 
depth functions. karshall and Haseman (42) used the consis­
tent depth function of the ratio of two resistant minerals 
to establish profile uniformity and calculated horizon changes 
in relation to zircon. Brewer (10) calculated horizon changes 
based on zircon content and Wild (94) used the zirconium con­
tent as determined by X-ray fluorescense. Other workers have 
used the amount of quartz in the sand fraction (96), quartz 
in coarse silt and fine sand fraction (7) and the 0.£5-1.0 
mm. sand fraction (50) as relatively immobile, resistant 
fractions which show consistent depth functions and may be 
used to relate horizon gains and losses. 
Several calculation methods (4) may be used to estimate 
profile changes and to suggest processes responsible for the 
noted changes. 
Jenny's factorial approach to soil systems (34) indicates 
that the effect of a single factor may be evaluated if all 
others can ce held constant. Due to the highly dynamic and 
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Interdependent conditions existing in a soil system it is 
impossible to completely control all factors except one; how­
ever, the effects of some factors may be minimized by judi­
ciously selecting the soil systems to be compared. An under­
standing of the interdependence existing in any given soil 
system depends on the available information and the interpre­
tation of it. The better we understand the time and duration 
aspects of the soil and the status and environmental condi­
tions during development the better will be our tests of the 
relevance of the soil forming processes. 
Evaluating Brunizem Soils 
Soils can be selected in Iowa to minimize the differ­
ences of some of the soil forming factors. 
The selection of morphologically similar loess-derived 
soils in the Tama-Muscatine soil association provides some 
control of the soil forming factors because: (a) the parent 
materials are of relatively uniform silt loam texture domi­
nated by the silt fraction, (b) the age of parent material 
is thought to be of the same order of magnitude, (c) the 
topographic effects can be minimized by proper site selection 
and, (d) the climatic environment is reasonably uniform 
throughout the soil association. Most of the soils in the 
association have dark colored horizons that indicate a 
common influence of grass vegetation but the influence of 
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former vegetation types cannot be evaluated. In fact, it has 
been thought thst change of vegetation is responsible for the 
soil horizon differences existing between the eastern and 
western regions of the Tama-Muscatine soil association (7-3). 
A Tama silt loam profile near Gladbrook, Iowa, has been 
described as a modal Brunizero (73) derived from loess. In 
that area the loess is about Izb inches thick, the native 
vegetation is considered to have been tall prairie grass, the 
annual precipitation is 34 inches, 24 inches of which occur 
during the warm season and there are usually 160 frost free 
days per year. Smith .et al. (73) discuss the effects of time 
and the course of weathering in these soils and conclude that 
the following processes are active during some stage or stages 
of development of Brunizem soils: 
1. Removal of free carbonates from profile. 
2» Removal of bases from profile• 
3. Accumulation of organic matter. 
4. Formation of 2:1 layer lattice clays. 
5. Redistribution of clay within the profile. 
6. Decomposition of primary minerals, especially the 
feldspars. 
These authors recognized that Tama soils in eastern Iowa 
differed from the modal Tama in central low a in having gray 
silty ped coatings in the lower solum. Reimer (51) reported 
similar soils in Carroll County, Illinois, and referred to 
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them as 1 Tama soils with mottled subsoils1 . In an attempt to 
estaclish a new site location for the Muscatine series in 
Muscatine County, Iowa, Ryan et al. (66) observed thst many 
of the Tama and Muscatine soils contained a gray zone in the 
subsoil and had other properties similar to Atterberry soils 
which are Gray-Brown Podzolie-Brunizem intergrade soils. 
During the reconnaissance survey of Brunizems having 
silans in their subsoils it became apparent to the author 
that one of the differences between Tama in eastern Iowa and 
in central Iowa was in the degree of expression of silans. 
Profiles representative of these two 1 Tama1 regions are shown 
in Plate 9. It is the objective of this part of the study 
to elucidate and evaluate the pedogenesis of representative 
profiles from each area with regard to their classification 
and with regard to the development of silans. 
Plate 9. Representative 'Tame' profiles from the western 
region (left side) and eastern region (right side) 
of the T' ama-Mus c at ine soil association ; colors of 
photograph on the left ere slightly redder than 
natural colors; the blue-green colors in photograph 
at right are not natural (see soil description in 
Appendix A) but silan zone is evident at the 3 foot 
depth; scales noted on photographs 
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FIELD EVALUATION 
The loess-derived soils were selected for further de­
tailed study because the variability of the parent material 
is less than in the till-derived soils and yet striking dif­
ferences in the degree of expression of subsoil silans are 
observed. In addition, the selection of similar soils from 
the eastern and western regions of the Tama-Muscatine soil 
association should provide evidence that may be used to test 
the relevance of these soils being placed in a single soil 
association. 
Site Selection 
Ruhe (58) has pointed out that the soils on stable up­
lands in multieyelie landscapes are more strongly weathered 
and developed than soils on the associated pediments or side 
slopes. He attributes this to their greater age. In effect, 
selection of stable uplands reduces the variability of topo­
graphic control and at the same time provides a longer his­
torical record of events. 
Two areas of uplands with minimal Integrated drainage 
systems and remnants of undrained depressions were located. 
One area occurs in southeastern Cedar County and is here 
designated "Sunbury Flat", Sunbury being the name of a small 
village in the vicinity. The other area, "Palermo Flat" 
occurs in Palermo Township in southwestern Grundy County. 
125 
These areas are thought to be remnants of more extensive 
stable uplands. At present the initial stages of integrated 
drainage systems penetrate these flats, however, some un­
drained depressions still exist. It is thought that the sur­
face expression in part reflects the underlying till surface 
which has been presumed to be Kansan till at the Sunbury Flat 
site and Iowan till at the Palermo Flat site. 
On the basis of stratigraphie and faunal relationships 
and 0^4 dating Ruhe (59) and Ruhe and Scholtes (61, 63) con­
clude thst in the Tama-Muscatine soil association in Iowa 
the surficial loess is of Tazewell age and that the ages of 
the uneroded or but slightly modified uplands are within the 
age group of 14,000 to 16,000 years before present. 
The soil site on the Palermo Flat was selected on the 
recommenaations of the cooperative Soil Conservation Service 
and Agricultural Experiment Station Soil-Geomorphology group 
studying the Palermo Fist area, and is considered representa­
tive of the better drained soils of the area. The site is 
located in the SW quarter of Section 29, R 17 V/, T 87 K in 
Grundy County, and a detailed soil description is given in 
Appendix A. The Tama soil profile from the Palermo Flat has 
weakly expressed silans in the subsoil. 
The soil site selected on the Sunbury Fist is thought 
to represent the better drained soils on the near stsble 
upland flat. The site is located in the NW quarter of Section 
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26, R 1 to, T 80 N in Cedar County and a detailed soil descrip­
tion is given in Appendix A. The Tain a soil profile from the 
Sunbury Flat has strongly expressed silans in the subsoil. 
The unity of the horizon assemblage was checked for the 
Sunbury Flat soils by making traverses along several inter-
fluves end by observing the relationships in recent road cuts. 
The loess-derived soils having silans in the subsoil were 
found to be independent of the deep sand and till substrates 
8 to 10 feet below the soil surface. This indicates that the 
silans are related to the development of the horizon sequence 
in the loessial soil materials. 
The geological weathering zones of the loess in the Sun­
bury Flat area are not well known. Several borings to the 
underlying sucstrate indicate that the underlying till is 
oxidized and unleached and is overlain, in turn, by oxidized 
and leached loess, deoxidized and leached loess, and oxidized 
and leached loess. The underlying till may be resaturated 
with carbonates leached from the loess ; evidence was not ob­
tained which resolves the various possibilities. It is not 
known whether the silan zone is coincident with a deoxidized 
and leached zone and the upper part of the solum is a repre­
sentation of a reoxidized portion of the same zone or whether 
the browner upper part of the solum and the grayer silan zone 
are manifestations of pedochemlcal weathering acting on a 
deposit or deposits of oxidized and leached loess. This lack 
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of evidence concerning the prior state of the parent material 
limits the evaluation of the pedogenesis of these soils-
With regard to the separate existence of the horizon 
assemblage it was observed that the silan zone may disappear 
along interfluve axes of pediments lying below the stable up­
land. One traverse is shown in Figure 7. The silan zone 
merges with a mottled zone present on the slopes. The mottled 
zone appears to be more evident on gentle slopes (2-6/S) than 
on steeper slopes where the silan zone was observed to become 
thinner and finally disappear. The presence of a mottled 
zone has ce en described by Reiri.er ( 51) in Tama soils in 
Illinois. This evidence indicates that horizon assemblages 
with silans are distinct entities in the landscape. In the 
Sunbury Flat area the silan zone is associated with subangu-
lar blocks and small prisms of moderate grade which have a 
firmer consistence when moist than the soil material both 
aoove and below. In practice the unity of a horizon assem­
blage is often acknowledged as a soil phase criterion separat­
ing a soil type into different mapping units. In the area 
adjacent to Sunbury Flat it appears that the slope phases may 
include both soils having only a mottled zone and soils having 
a silan zone in their sucsoils wnich indicates that more field 
investigations are necessary to resolve the above noted dis­
crepancy of horizon assemblage unity. 
The unity of the Palermo Flat profile was checked only 
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Figure 7. Horizon assemblage along an interfluve axis in the Sunbury flat area 
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over a limited area by soil borings. The loess is about 12 
feet thick and it was concluded that the horizon assemblage 
to a depth of 60 inches is independent of the underlying till. 
Horizon Morphology 
The tray profiles from Sunbury Flat and Palermo Flat 
are shown in Plate 7. The strongly expressed silans In the 
Sunbury Flat profile occur in a zone from about 26-36 inches. 
The silsns in the Palermo Flat profile s re more weakly ex­
pressed end occur from about 32 inches to the bottom of the 
tray at 48 inches. In both profiles the silans are best ex­
pressed on the vertical faces of prismatic structural units. 
The prisms in the Suncury Flat profile are better developed 
and have a firmer consistence than the prisms in the Palermo 
Flat profile. 
It may also be seen that the mollic epipedon of the 
Palermo Flat profile extends to a greater depth than in the 
Sunbury Flat profile; the upper B horizon has lower chromas 
and values in the Palermo Flat profile than in the Sunbury 
Flat profile. 
The transition to assumed parent material occurs at 
approximately 45 inches in both profiles, however, the soil 
material in the Sunuury Flat profile appears to be more altered 
than that of the Palermo Flat profile. Argillans (clay skins) 
line many of the pores in the prism interiors in the lower 
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solum or the Sunbury Flat profile but are not a consplclous 
feature in the lower solum of the Palermo Flat profile. 
Horlzonatlon 
The designations assigned to the observed horizons in a 
profile depend to a great extent on the bias of the individual. 
Prior training and experience often influence interpretations 
of soil properties which may, in turn, be reflected in the 
horizon designations. 
Five groups of horizon designations for the Sunbury Flat 
profile are given in Table 1£. Tne horizon designations con­
form either to those (a) in the Soil Survey Manual (86), (b) 
in the 7th Approximation (81), or (c) as proposed by Professor 
Whiteside (89). 
A monosequum is thought to be the result of relatively 
uniform pedogenetic processes acting on uniform soil mate­
rials • 
Bisequal profiles are thought to be the result of a 
change of the pedogenetic processes acting on the same soil 
material in which a horizon assemblage has already been 
developed. 
Profiles containing buried soils are thought to result 
primarily from the addition of soil materials sufficiently 
thick that inhibit the previously existing pedogenetic pro­
cesses in the buried soil. The pedogenetic processes acting 
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Table 12 Several groupings of soil horizon designations 
of the Sunbury Flat profile 
Horizon Concepts employed in int erpretation 
depth Mono­ Bi­ Buried Pro­ Diagnostic 
(in.) sequum se quum soil cesses horizons 
0-5 Apl Apl Apl Vpl Mol lie 
3-7 1/2 Ap2 Ap2 Ap2 Vp2 epipedon 
7 1/2-
11 1/2 A3 A3 A3 VZ 
11 1/2-
16 Bll B1 B1 Zil Gamble 
16-21 B12 B21 B21 Z12 horizon 
21-26 B13 B22 B22 Zi3 
26- Albic 
29 1/2 314 A' 2 A2b Em horizon 
29 1/2-
32 1/2 Bait B&A' B&Ab I&E Argillic 
32 1/2- horizon 
36 B%2t B'2lt B2ltb Itl 
36-44 B23t B1 22t B22tb It2 
44- 53 B3 or CI B13 or CI B3b or Clb «Vm 
p 
53-60 C2 c% C2 Pu 
V 
on the additional soil material may or may not differ from 
those that were once active in the buried soil. 
Four of tne five groupings in Table 12 distinguish four 
kinds of horizons in the solum of the Sunbury Flat profile, 
whereas the monosequum grouping recognizes only two kinds of 
horizons. 
The horizon designations for the Palermo Flat profile, 
given in Appendix A, are those commonly assigned to modal 
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Brunizem soils and follow the conventions of the Soil Survey 
Manual (So). 
Soil Sampling 
At each site s round pit approximately 4 feet in diameter 
was dug to a depth of 70 to 80 inches. A profile face was 
smoothed and marked, in 1-inch increments to a depth of 60 
inches. Triplicate samples of each increment were tatcen with 
brass rings pressed vertically into a prepared planar surface• 
The brass rings have an inside diameter of 4. 50 cm. and a 
heigh of 1.85 cm. Each sample was placed in a numbered glass 
jar and capped to keep moisture loss at a minimum. 
In addition two tray monoliths were collected at each 
site, wrapped in plastic or canvas and used for descriptions 
and extra samples. 
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LABORATORY EVALUATION 
Analytical Methods 
To make the desired quantitative pedogenesis calculations 
it is necessary to have, in addition to samples from known 
depth increments, measurements of bulk densities, reference 
minerals or fractions, and properties for which one wishes to 
calculate changes. Additional properties that may indicate 
type of processes or are themselves relevant for a classifica­
tion of the soil were also determined. 
,Bu1k density 
Two of the three samples from alternate depth increments 
were dried at 105° C for about 24 hours and the remaining 
sample was Kept in L. 1st for the Soil Test Laboratory. The aver­
age moisture content of the two oven-dried samples was used 
to calculate the bulk density of the other sample. The three 
bulk density values were then averaged. 
The percent of water saturation at the time of sampling 
was calculated as a check of the moisture distribution on the 
profile. The percent of water saturation represents the per­
cent of the total pore space occupied by water and is calcu­
lated from the following equation: 
VZS - ptp- pa (100) , 1 
where % VIS is the percent of water saturation, Ft is the total 
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porosity and Pa is the amount of total pores filled with air. 
The total porosity was calculated from the following 
equation : 
Pt = (1 - BD/2.65)(100) , 2 
where Pt is the same as above, BD is the oven-dry bulk 
density and 2.65 is the assumed particle density of the soil 
profile. 
The amount of water present may be converted to a percent 
on a volume basis from this relationship: 
water (volume) = water (weight) x BD . 3 
The pore space occupied by air, Pa, is then simply the 
total porosity minus the percent of water expressed as a 
volume : 
Pa = Pt - water (volume; . 4 
The percent of water saturation is then easily obtained with 
the relationship given in equation 1. 
Elemental analysis 
Beavers (5) and others (2, 42, 94) have discussed the 
determination of zirconium and its use as a reference compound 
for establishing both profile uniformity and as a basis for 
calculating changes within the soil profile. A standard curve 
for the amount of zirconium oxide in non-fractionated, non-
calcareous loess was developed following the same procedure 
as Rosauer and Handy (57) for the determination of oxides of 
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total Iron and total manganese In soils. Specimens of the 
oven-dry samples were analyzed for ZrOg, FegOg and KnOg 
according to the previously mentioned procedure except that 
the specimens were not rotated during analysis. 
Clay content 
The clay content of ground, oven-dry samples was deter­
mined by the pipette method (34). Samples were pretreated 
with hydrogen peroxide, dispersed with a Calgon solution and 
aliquots taken at a depth of 5 cm. By using a loess standard 
in each run, it was estimated that the maximum deviation was 
1.6;v of the determined clay content and the average deviation 
was 1.0/6 of the determined value. For the clay contents 
determined the maximum deviations would be expected to range 
from 0.037 to 0.056;% of less than 2 micron material. 
pH and extractable phosphorous 
The Soil Test Laboratory at Iowa State University deter­
mined the pH values and ex tractable phosphorous on the air-dry 
soil samples from every other depth increment. The pH values 
were determined on 1:2 soil : water mixtures (28) and phos­
phorous was extracted with a. dilute acid solution (0.03N 
NH4F in 0.025K HCl) and determined colorimetrieally (28). 
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Sllanlc material 
Grain size distribution of the silanic material was 
examined optically and may be found in Table 2 of Part I. 
The crystallite sizes of clay associated with the silenic 
material were computed from X-ray diffraction data and are 
reported in Table 3 of Part I. 
Mlcromorphology of silanic material and ped matrix mate­
rial was examined in prepared thin sections. Most of the 
results are given in the section on micromorphology of silanic 
material in Part I of this study. 
Quantitative pedogenesis 
In a comprehensive review of the assumptions and methods 
for evaluating soil development, Barshad (4) states that after 
the uniformity of the profile has been established the total 
losses and gains may readily be calculated from the relation­
ship XRp = 100 XR^. R]_ and Rp are the percentages by weight 
of the index mineral in a given horizon and in the parent 
material respectively, and X is the original weight of, let 
us say, 100 grams of soil £rom the given horizon. The orig­
inal weight is, therefore, the present weight times the ratio 
of the index mineral in the horizon to that in the parent 
material• If the calculations ere based on the weight of soil 
occupied by a given volume bounded by a unit surface area 
and the thickness of the horizon, the method is the same that 
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Marshall and Haseman (42) used for a profile of the Grundy 
series. In this study corrections or calculations for horizon 
thickness may be taken as unity as all samples represent the 
same thickness of soil material. 
In the evaluation of profile development a serious error 
may arise in the determination of the precise nature of the 
parent material, particularly with respect to the clay con­
tent. Barshad (4) states that changes due to soil development 
can be evaluated with greater certainty in profiles in which 
the clay distribution with depth indicates that the assumed 
parent material, or what appears to be preserved parent mate­
rial, has gained no clay through migration and that any clay 
found in tne parent material was present when soil formation 
began. 
In calculating profile changes it is assumed that clay 
is formed from the non-clay fraction and that in any given 
horizon or sample the amount of clay formed is proportional 
to the loss in the non-clay fraction. On the basis of this 
assumption and assuming that the proportionality is related 
to densities, the following relationship may be applied: 
weight loss of non-clay _ weight of clay formed 
real density of non-clay real density of clay 
Consequently, the weight of clay formed = weight loss of 
non-clay x —real density of clay— and the use of 2*40 g./ 
real density of non-clay 6 
çc. for clay and 2.7? g./cc. for non-clay gives the propor­
tionality factor a value of approximately 0.87. 
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The following symbols and relationships were used to cal­
culate the profile changes. Their use is always in reference 
to a unit volume (1 cc.) so direct comparisons may be made 
among the calculated values of the sample increments which 
are numbered 2, 4, 6, etc. These calculations differ in one 
major respect from those of Marshall and Haseman (42) and 
those of Barshad (4) as explained below. Loess is a surfici al 
sedimentary unit and is not thought to have a constant bulk 
density from a certain depth, say 50 inches, to the surface. 
Linear bulk density trends obtained from reports of minimal 
loess-derived and alluvium-derived Brunizem soils (54) were 
used to adjust the parent material bulk densities with depth. 
A reference zone was selected in each profile which was 
thought to represent the least altered material and this was 
called the reference parent material. The decreased bulk 
densities of the overlying sample increments could then be 
calculated. 
Symbols - unless specified, units are (g./cc.) 
BD = bulk density 
C = clay, less than 2 micron (% by weight) 
S = non-clay (sand and silt), greater than 2 micron 
( l/o by weight) 
Z = zirconium oxide content (> by weight) 
d = thickness of sample 
I = sample increment, numbered upward from the reference 
parent material - no units 
Vv'C = weight of clay 
WS = weight of non-clay 
WT = total weight of sample 
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AC = change (loss or gain) of clay 
AS = change (loss or gain) of non-clay 
FC = clay formed 
RFC = relative clay formation; clay formed per 100 g. of 
non-clay in parent material (g./100 g.) 
TC = total clay in absence of migration 
RaCg = relative clay change; clay gain or loss per 100 g. 
of non-clay in parent material (g./100 g.) 
RÛCc = relative clay change; clay gain or loss as percent 
of original weight of clay ( %) 
RACJ = relative clay change; clay gain or loss as percent of 
present clay content ( /;) 
The subscripts have no units of measurement 
0 = original status or parent material 
1 = present status 
r = reference parent material 
Relationships 
The relationships are given here in the order of their 
calculation. 
1. Present total weight = WT% = BD^ X d 
As all samples represent the same d, it may be taken 
as unity. Consequently, WTj_ = BD]_. 
2. Bulk density of parent material = BD0 = BDr - 0.005 I. 
3. Original total weight = WT0 = BD0 X Z1/Zr. 
4. Present weight of non-clay = WS-j_ = X BD^. 
5. Original weight of non-clay = WS0 = Sr X BD0. 
6. Change of non-clay = a S = WSQ - V.TS-j_ • 
7. Clay formed = FC , 
X AS = 0.87 X AS. 
8 • Present weight of clay = WC-j_ = C^ X BD^. 
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9. Original weight of clay = WC0 = Cr X WT0. 
10. Total clay in absence of migration = TC = V,TC0 + FC. 
11. Change of clay = A C = WC^ - TC. 
12. Relative clay formation = RFC = FC/WS0 X 100. 
13. Relative clay change = R*Cg = A C/WS0 X 100. 
14. Relative clay change = R^Cc = aC/WC0 X 100. 
15. Relative clay change = RACJ = aC/WC^ X C]_. 
If volume changes are desired, they may be calculated 
thus : 
V1 = (lcc. X Z0 X BD0)/(Zr X BDX) 
where is the volume of soil developed from 1 cc. of the 
parent material; all other symbols are defined above. Because 
the calculations are somewhat cumbersome and only a summary 
is given in the text, sample calculations are presented in 
Appendix B. 
Profile Characterization 
Bulk density 
The bulk density and percent water saturation ( % of total 
pore space occupied by water) values are given in Table 13. 
It is difficult to obtain soil samples in a natural state when 
the moisture conditions are similar for all samples. If the 
soil is very dry, it is hard and tends to shatter if cores 
are taken; if the soil is at or near field capacity parts of 
the profile may be mushy or sticky and difficult to sample. 
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Table 13. Bulk density and percent water saturation values 
of the Sunbury Flat and Palermo Flat profiles 
Sunbury Flat 
Oven-ary 
bulk density 
g./cc. 
Water 
saturation 
Sample 
depth 
(inches) 
Palermo Flat 
Oven-dry 
bulk density 
g./cc. 
Water 
saturation 
% 
1.297 66. 5 2 1.061 50.1 
1.326 68.4 4 1.165 58.6 
1.334 68.0 6 1.178 60.5 
1.292 70.2 8 1.234 65.4 
1.246 64.2 10 1.165 60.0 
1.258 61.4 12 1.186 62.0 
1.257 59.8 14 1.163 57.7 
1.243 57.7 16 1.272 64.2 
1.244 58.3 18 1.189 56.7 
1.266 60.3 20 1.212 55. 5 
1.266 59.6 22 1.191 40.4 
1.275 59.8 24 1.243 41.0 
1.286 58.7 26 1.186 39.7 
1.321 60.2 28 1.281 46.6 
1.307 60.6 30 1.287 48.0 
1.353 66.8 32 1.280 47.7 
1.39% 70.6 34 1.232 43.5 
1.332 65.2 36 1.254 46.0 
1.327 66.5 38 1.290 50.3 
1.391 69.0 40 1.271 51.4 
1.375 67.5 42 1.212 48.7 
1.386 68.0 44 1.244 50.0 
1.416 67.9 46 1.297 57.6 
1.370 65.6 48 1.290 58.1 
1.412 72.2 50 1.322 64.8 
1.374 67.1 52 1.307 65.5 
1.433 73.3 54 1.361 70.6 
1.298 59.0 56 1.380 74.6 
1.364 64.8 58 1.378 77.2 
1.371 63.7 60 1.377 80.5 
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Representative clod sezi.ples are difficult to obtain if the 
aggregates are small, but if obtained, the clod bulk densities 
reveal very little about the relevance of interped voids. 
The values given here pre based on soil volumes from moist 
soils and weights based on oven-dry samples. As such, any 
shrinkage involved in drying is ignored and assumed to either 
be negligible or fairly consistent among samples. If shrink­
age is attributed primarily to the collapse of expanded clays 
and gelatinous grain coatings, the lack of extreme differ­
ences in clay content tends to support the assumption of con­
sistent shrinkage• Because porosity generally decreases with 
increasing depth, constant values of percent moisture either 
by weight or by volume do not represent similar moisture 
regin.es throughout a profile. The percent water saturation 
was calculated to indicate similarities and differences in 
the water-pore space relationship in the profile at the time 
of sampling. 
The bulk density values for both profiles fluctuate from 
sample to sample but show a trend for increasing values with 
increasing depth. In the Sunbury Flat profile minimum values 
occur between depths of 10 to ^4 inches followed by increas­
ing values to a depth of about 50 inches. Below 54 inches 
the bulk density values decrease in the Sunbury Flat profile. 
The water saturation was generally about 60;5 throughout the 
profile. The sample increments near 44 inches in depth were 
143 
selected as the reference materials and an average value of 
1.380 was used for calculations. The reference parent mate­
rial is a zone in which the determined properties do not 
show wide fluctuations and is considered to be representative 
of the least altered material thought to be the parent mate­
rial of the developed solum above it. 
The Palermo Flat profile exhibits more fluctuations of 
both bulk density and water saturation values than the Sunbury 
Flat profile. The bulk densities, nevertheless, tend to in­
crease with depth- The reference parent material was judged 
to be near the depth of 46 inches and a value of 1.300 g./cc. 
was selected as the reference parent material bulk density. 
The water saturation exhibits a broad minimum zone from 22 to 
34 inches, being more saturated both above and below. 
These bulk density values are of the same order of magni­
tude as reported by other workers for similar soils (51, 79). 
The ranges, 1.^48-1.433 in Sunbury Flat and 1.061-1.380 in 
Palermo Flat, are not considered extreme for loess-derived 
soils. 
The bulk density values increase somewhat within the zone 
of well expressed Bilans in the Sunbury Flat. Ryan (65) pre­
viously noted the firmer consistence of the peds that were 
coated with ^ray silts in the soils in Muscatine County. The 
Bilans in the Palermo Flat profile occur where the bulk 
density values are 1.23-1.30. These are about 0.09 g./cc. 
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less than the values In the zone of Bilans in the Sunbury Flat 
profile. 
Where the structural units are of equivalent size and 
shape the effect of increased bulk density possibly is re­
flected in decreased water holding capacity (less total poro­
sity) and decreased movement through the ped matrix causing 
an increased wetting and movement of moisture on ped surfaces. 
Bulk density values tend to increase if the soil material 
receives additions of translocated clay which are not accom­
panied by compensating volume changes. Reorientation and close 
packing of the mineral grains also tend to increase the bulk 
density values. Some reorientation may result from stresses 
developed during dry conditions in the soil. Both the addi­
tion of translocated clay and periods of subsoil dryness are 
thought to occur more often in the better drained soils under 
forest vegetation than under grass vegetation in the Midwest. 
Elemental analyses 
The percentages of zirconium, total iron, and total 
manganese oxides in the two profiles are given in Table 14. 
Oven-dry samples of whole soil were used because the loess is 
dominantly silt, the main diluent is clay, end sample prepara­
tion is relatively rapid. 
Zirconium The Sunbury Flat profile has a zone of 
lower zirconium oxide contents from 32 to 44 inches which 
Table 14. Content of oxides of zirconium, total iron and 
total manganese in the Sunbury Flat and Palermo 
Flat profiles 
Sunbury Flat Palermo Flat 
Percent of Percent of 
ZrOp MnOg Depth ZrOo MnOg 
X 10-% Fe203 X 10"1 (inches) X 10-2 Fe203 X 10"1 
3.50* 5.43 1.60 2 3.24 8.25 2.97 
3.54 4.96 1.37 4 2.77 5.95 2.05 
3.66 5.04 1.58 6 3.21 7.73 2.71 
•3.36 5.69 1.44 S 3.22 7.66 2-21 
3.37 5.61 1.22 10 3.30 8.03 2.26 
3.47 5.83 1.43 12 3.24 7.90 2.15 
3.4% 6.09 1.46 14 3.23 7.58 2.42 
3.34 6.38 1.19 16 3.14 7.94 1.83 
3.22 6.74 1.38 18 3.03 7.50 2-10 
3.20 7.23 1.14 20 3.06 9.29 1.89 
3-38 6.93 1.20 22 3.02 9.40 2.06 
3.40 6 .96 1.02 24 3.09 9.86 1.88 
3.32 6.39 1.04 26 2.98 9.60 2.05 
3.31 6.71 1.26 28 3.19 9.93 2.16 
3.28 6.75 1.31 30 2.89 9.56 2.26 
3.14 7.70 1.87 32 2.97 9.58 2.34 
2.86 7.92 1.10 34 2.90 9.46 2.22 
2.96 8.04 1.09 36 2.85 9 .40 2-60 
2-96 8.00 1.09 38 3.15 9.41 2-57 
3.25 7.57 1.62 40 3.16 9.71 5.35 
3.19 7.61 1.25 42 3.11 9.27 2.85 
3.32 7.23 1.-3? 44 3.09 9.31 2.93 
3.33 7.35 1.31 46 3.10 9.34 2.88 
3.35 7.31 1.40 48 3.24 8.97 3.53 
3.33 7.24 1.25 50 2.96 9.36 3.31 
3.3b 7.19 1.14 52 3.30 9.36 3.32 
3.67 7.01 1.37 54 3.30 9.41 3.10 
3.47 6.86 1.01 56 3.19 9.11 2.94 
3.72 6.91 1.65 58 3.28 8.91 3.48 
3.55 6.78 1.76 60 3.46 8.75 3.32 
&Approximate standard error of determination: ZrOo -
0.06 X 10" ^; FegOg - 0.03; MnOg - U. 0 5 X 10" ^• 
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might be interpreted as a discontinuity of loess deposition. 
However, as whole soil samples were used, a decrease of ZrOg 
might also be due to increases of other constituents, pri­
marily clay. The clay content increases sharply at the 32 
inch depth and decreases at the 44 inch depth so it was 
assumed that there was not sufficient evidence for loess dis­
continuity at these depths. However, below 50 inches both 
clay and zirconium increase. This is considered evidence of 
a discontinuity in the soil system. Fluctuations in the upper 
solum may be due to clay accumulation, as at 20 inches, to in­
creasing amounts of organic matter, or to an accumulation of 
zirconium because of removal of more mobile constituents. 
Alexander et al. (2) found zirconium contents highest in 
the coarse silt fraction of loess in Illinois. From the stand­
point of quantitative pedogenesis calculations it is perhaps 
desirable to fractionate out the coarse silt as it is thought 
to be a stable fraction in loess and should not show fluctua­
tions due to translocated soil constituents. This modifica­
tion is recommended for further studies of this type. 
Corrections for the amount of illuviated and eluviated 
clays were made in the zirconium oxide contents and it was 
found that the values are nearly constant from a depth of 50 
inches up to a depth of 10 inches. From 10 inches to the soil 
surface the content of zirconium oxide increases and is 
thought to reflect increased weathering and removal of the 
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more mobile constituents. 
The Palermo Flat profile does not have as wide fluctua­
tions in zirconium oxide content as exhibited in the Sunbury 
Flat profile. The values tend to increase to a depth of 10 
inches, then decrease to a depth of 36 inches, followed by a 
stable zone to 46 inches, then increase with increasing depth. 
Because the clay content remains nearly constant from 48 to 
56 inches while the zirconium oxide content tends to increase 
it is assumed that the loess at this depth represents material 
different from that in which the above solum has developed. 
This change of soil parent material is supported by increases 
of bulk density between 52 and 54 inches greater than the 
linear trend observed.for the profile. 
Total iron 
0 
The iron oxide values in the Sunbury Flat profile exhibit 
a bimodal distribution; one maxima at 20 inches, the other at 
36-38 inches. These maxima correspond to maxima of clay con­
tent and are thought to reflect the association of positively 
charged hydrous iron oxides with negatively charged clays. 
Such an association was proposed by Jenny and Smith (35) for 
the build-up of clays and oxides in claypan soils. 
The soil colors of the ped interiors in the Sunbury Flat 
profile seem to be related to the iron oxide content. From 
16 to 21 inches the chroma increases to 4 (dry) and below 
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26 inches the ped interiors contain strong brown mottles and 
soft concretions. 
The depth distribution of iron oxides in the Palermo Flat 
profile is readily separated into two zones ; a low content 
zone to a depth of 18 inches and a high content zone below 18 
inches. The iron oxide content changes do not correspond with 
changes of clay content as was observed in the Sunbury Flat 
profile, nor is there a marked change in color in the Palermo 
Flat profile associated with the iron oxide content. The in­
crease of color values from 4 in the upper solum to 5 and 6 in 
the lower solum indicates that organic matter is the main 
coloring agent in the low iron oxide zone and any change of 
color due to change of Iron probably is masked by the organic 
staining. 
Total manganese 
The Sunbury Flat profile does not exhibit a consistent 
trend in the depth distribution of total manganese oxide. Sev­
eral marked increases, at 32 and 40 inches, may reflect accu­
mulations of manganese concretions. 
The Palermo Flat profile exhibits decreasing manganese 
oxide values to a depth of 20-24 inches followed by increasing 
values with increasing depth. A marked increase at 40 inches 
is associated with an increase of total iron oxide and may 
reflect an accumulation of mottles or concretions in the sample 
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from this depth. 
The depth distributions of total manganese oxide in these 
two profiles are similar to those of extractable manganese of 
other well drained Brunizem soils as determined by Daniels 
et al. (16). The Sunbury Flat distribution is also similar 
to extractable manganese in G-ivin silt loam (an imperfectly 
drained Prairie-Forest intergrade soil) and the Palermo Flat 
profile distribution is similar to extractable manganese in 
Otley silty clay loam (a well drained Brunizem soil) as deter­
mined by Runge and deLeon (64). 
The relationship of total and extractable manganese is 
probably not as Important in these profiles as is the general 
relationship between total manganese and iron and the pH 
values. The lower pH values (Table 15) in the Sunbury Flat 
profile are associated with lower values of both total man­
ganese oxide and total iron oxide than the values reported for 
the Palermo Flat profile. Although part of the differences 
between profiles may be attributed to inherent differences, 
the relative changes within each profile may be indicative 
of the soil system. 
The Sunbury Flat profile in general does not exhibit a 
consistent trend in changes of total manganese oxide content 
with increasing depth while the total iron oxide nearly 
parallels the clay distribution. A similar relationship 
appears to exist in Gray-Brown Podzolic-Brunizem intergrade 
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Table 15. pH values, extractable phosphorous and clay 
content in the Sunbury Flat and Palermo Flat 
profiles 
Sunbury Flat Palermo Flat 
Clay Clay 
pH Extr. P < 2 pH Extr. P <2 ^  
1:2 ppm % (Inches) 1:2 ppm % 
5.9 10.0 24.16 2 6.1 5.0 30.12 
6.6 7.5 23.52 4 6.4 3.0 30.08 
5.6 6.7 23.44 6 6.2 6.0 29.44 
5.5 8.2 26.32 8 5.8 3.5 30.92 
5.2 4.7 25.60 10 5.7 2.0 32.44 
5.2 %.2 25.04 12 5.8 1.3 32.48 
5.2 0.5 25.68 14 6.0 1.3 31.88 
5.3 1.2 26.48 16 6.0 1.5 32.68 
5.4 0.5 26.84 IS 6.0 1.0 31.96 
5.5 0.5 27.60 20 6.1 1.0 33.88 
5.4 0.5 26.68 22 6.1 1.0 33.84 
5.5 0.5 26.44 24 6.1 7.7 34.12 
5.5 1.5 24.64 26 6.2 10.5 33.80 
5.7 4.0 25.28 28 6.2 15.0 32.88 
5.7 3.5 25.32 30 6.2 16.0 31.48 
5.8 3.5 30.84 32 6.3 13.5 31.08 
5.8 6.7 32.16 34 6.4 17.5 28.96 
5 • 8 9.5 34.72 36 6.4 17.3 28.44 
6.0 18.2 35.08 38 6.4 16.5 28.96 
5.9 21.0 31.26 40 6.4 17.5 28.72 
6.0 23.5 27.44 42 6.5 18.5 29.64 
5.9 27.0 23.24 44 6.4 17.7 28.48 
6.0 31.0 24.04 46 6.4 15.5 27.32 
6.0 30.5 25.60 48 6.4 15.5 26.08 
6.1 32.0 25.64 50 6.5 16.0 25.96 
6.2 28.0 27.52 52 6.4 17.2 25.96 
6.1 24.5 26.76 54 6.6 19.0 25.92 
6.2 'c4. 5 28.52 56 6.5 17.7 26.68 
6.2 23.5 27.92 58 6.6 17.2 23.72 
6 27.5 27.48 60 6.7 22.0 23.88 
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soils and in the lower parts of profiles of the better drained 
Gray-Brown Podzolics (16, 64). 
The Palermo Flat profile exhibits lower total manganese 
oxide contents in the upper part of the solum which appears 
to be characteristic of better drained Brunizem soils. The 
non-conformity of total iron oxide and clay distributions is, 
however, more characteristic of the better drained intergrade 
soils (16, 64). 
The presence of silan zones does not appear to be closely 
related to total iron oxide or manganese oxide contents in 
either profile. 
pH, extractable P, and clay 
The determined values of pH, extractable phosphorous and 
clay for the Sunbury Flat and Palermo Flat profiles are given 
in Table 15. 
The pH depth distribution curves are nearly parallel in 
the two profiles ; the pH values in the Sunbury Flat profile 
being about a half a pH unit less throughout the profile. 
The extractable phosphorous in the Sunbury Flat profile 
remains low to a depth of -32 inches before increasing to max­
imum values at -36-40 inch depths. The extractable phosphorous 
in the Palermo Flat profile is low to a depth of 22 inches 
below which the content increases and is fairly constant at 
depths greater than 34 inches. It is thought that very little 
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relationship exists between the presence of silans and these 
results because silans are a ped surface feature and conse­
quently represent a small proportion of the bulk soil sample 
used in the analysis. 
The depth distribution of clay is distinctly different 
in the two profiles. In the Sunbury Fist profile a definite 
clay bulge is exhibited between 30 and 44 inches and a minor 
increase is noted at a depth of 20 inches. In the Palermo 
Flat profile a broad clay bulge is exhibited from 8 to 34 
inches. The Palermo Flat solum is dominantly silty cley loam 
in texture whereas the Sunbury Flat solum is a silt loam tex­
ture except the clay bulge which is silty clay loam. Further 
interpretation of the clay curves is made in the section on 
pedogenesis. 
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GENESIS OF A LOESS-DERIVED BRUNIZEi-x SOIL 
CONTAINING SUBSOIL SILANS 
The Tama soils in eastern Iowa are not typical of loess-
derived Brunizeni soils because they contain silans on ped sur­
faces in the lower B horizon, which are not considered to be 
a normal consequence of soil development under prairie vege­
tation in the temperate, sub-humid region of the United 
States. 
In 1950 Smith et al. (73) stated that these soils with 
silty coatings in their subsoils were possibly former Gray-
Brown POQZOlie soils which had been influenced by more recent 
prairie vegetation and currently exhibited most of the 
properties diagnostic of Brunizem soils. 
The presence of light-colored ped coatings and soil mate­
rial has long been associated with soils developed under 
forest, e.g. the Ag horizons of Podzol and Gray-Brown Podzolic 
soils. 
This present study tends to support the observations and 
opinions of previous soil scientists in this area (18, 66, 
73). The various lines of evidence indicating the genesis of 
the Sunbury Flat Tama silt loam including possible mechanisms 
for the development of subsoil silans will be given. It is 
hoped that this initial study will stimulate interest and 
research for a better understanding of the presence of silans 
in soils in the Kenyon-Floyd-Clyde and Cresco-Kasson-Clyde 
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soil associations in northeastern Iowa (53). 
Quantitative Pedogenesis of Clay 
An evaluation of clay formation and migration In soils 
derived from uniform parent material is facilitated if calcu­
lations of the gains and losses are made. The selection of 
the parent material of a profile is often limited to the 
selection of soil material which is Judged to be the least 
altered material representing the soil parent material. Such 
is the case for the two profiles under consideration. At no 
point in the profiles were the determined properties, con­
sidered in combination, uniform enough to dictate a stable or 
constant condition. The zones in which average values of the 
combined properties showed minor variations were selected as 
1 reference parent materials'. 
For the Sunbury Flat profile the reference parent mate­
rial has the following properties: bulk density of 1.380 
g./cc. at a 46-inch depth, 25.6/2 clay, 0.0333;* ZrOg, 7.20$ 
Fe^Og, and 0.130;i MnOg. For the Palermo Flat profile the 
reference parent material has the following properties : bulk 
density of 1.300 g./cc. at a 46-inch depth, 26.0'» clay, 
0.0310/c Zr0£, 9.30>Feg03, and 0.290% MnOg. Currently the 
pH values in the reference parent materials are 6.0 for the 
Sunbury Flat profile and 6.4 for the Palermo Flat profile. 
The results of the calculations for the Sunbury Flat profile 
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are given in Table 16 and those for the Palermo Flat profile 
are given in Table 17. Sample calculations are presented in 
the Appendix. 
Plots of the weights of original, formed and present clay 
against depth for the two profiles are shown in Figures 8 and 
9. The kinds of clay changes in these two profiles indicate 
that the processes causing clay formation and translocation 
have not been of the same magnitude nor direction in these two 
soils. 
In the Sunbury Flat profile most of the clay formed in 
place (or an equivalent amount) down to a depth of about 30 
inches has migrated downward. The present clay content down 
to 30 inches may be either the clay originally present or a 
weight equivalent to the original content. From a depth of 
30 to 44 inches clay has accumulated- A small proportion of 
the clay gain is assumed to have formed in place and the 
remainder is translocated clay. The loss of clay below a 
depth of 44 inches supports the idea, that unaltered parent 
material does not exist in this profile and that the selec­
tion of material at a depth of 46 inches serves only as a 
reference. 
In the Palermo Fist profile the present clay content to 
a depth of about 48 inches is greater than the original con­
tent of clay. Most of the accumulated clay is either clay 
formed in place or s weight equivalent to the amount formed 
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Table 16. Quantitative evaluation of clay changes In the 
Sunbury Flat profile 
Sample 
depth 
Original 
weight5 
(gO 
Weight of clay (e. X 10" '%)  
Relative 
day 
change" Original Formed Present Change 
2 1.31 33.6 -1.0 31.4 -1.2 -0.9 
4 1.33 34.1 -2.7 31.2 -0.2 -0 .2  
6 1.39 35.6 0.8 31.3  -5.1 -3-8 
8 1.28 32.7  1.7 34.0 -0.1 -0.1 
10 1.29 33.1 2.4 31.9 -3 .6  -2.9 
12 1.33 34.1 4.1 31.4 -6.8 -5.4 
14 1.32 33.8  3 .9  32.2  -5.5 -4 .4  
16 1.29 33.2 4.2  32.9 —4 • 5 -3.6 
18 l.b5 32.0  1.8 33.4 -0 .4  -0.3 
20 1.25 32.0 1.2 34.9 1.7 1.3 
22 1.33 34.1  5.0 33.8 -5.3 -4 .2  
24 1.34 34.4 5.0 33.7 -5.7 -4.5 
26 1.32 33.7  0.8 31.7 -2.8 -2.2 
26 1.32 33.8  0 .6  33.4  -1 .0  -0.8 
30 1.31 33.7  0.4 33.1 -1.0 -0.8 
32 1.26 32.3 0.2  41.7 9.0 6.8  
34 1.20 30.6 1.1 45.2 13.5 9.7 
36 1 .20 30.7 2.0  46.2 13.5 10.1 
38 1.21 31.0 3.0 46.5 12.5 9.4 
40 1.33 34.2  2 .7  43.5  6.6 4.7  
42 1.31 33.5 2.3 37.8 2.0 . 1.5  
44 1.37 35.% 2 .0  32-2 -5.0 -3.6 
46 1.38 35.4  1.7 34.1 -3.0 
-2.1 
48 1.39 35.6 1.4 35.0 -2.0 -1.5 
50 1.39 35.6 3.2  36.2  -0.8 
aEach sample is considered to be bound by unit surface 
area (l cm.2) and as each sample has the same thickness it may 
be ta^en as unity. In effect the units ere grams per cubic 
centimeter. 
^Weight of clay change expressed as a percent of the 
present clay content. 
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Table 17. Quantitative evaluation of clay changes in the 
Palermo Flat profile 
Sample 
depth 
Original 
weighta 
(g.) 
Weight of clay («. X 10" •2) 
Relative 
day 
change Original Formed Present Change 
2 1 » 24 32.1  15.4 32.0  -15.5 -14.6 
4 1.05 27.2  -4.2 35.0  12.0  10.3 
6 1.22 31.7 6.2  33.6 -4.3 -3.6 
8 1. J3 32.0  5.3 38.0 0.7 0.6 
10 1.27 32.9  13.5 37.6  -8.8 -7.6 
12 1.25 32.5  10.8 38.7 -4.6 -3.9 
14 1.25 32.5  12.0  37.0 -7 .5  -6 .5  
16 1.22 31.8 4.3 41.5 5.4 4.2 
18 1.19 30.8 5.9 38.1 1.4 1.2 
20 1.20 31.3 8.1 41.0 1.6 1.3 
22 1.19 31.0 8.5 40.3  0 .8  0.7 
24 1.23 31.9  8.2 42.3  2 .2  1.8 
26 1 .19 30.9  7.8 39.8  1.1 0.9 
28 1.28 33.3  7.8 42.1  1.0 0.8 
30 1.16 30.3  6 .0  40.6 4.3  3.3 
32 1 .26 32.6  4 .2  39.8  3.0 2.3  
34 1.18 30.8 0.2  35.6  4.6 3.7 
36 1.16 30.3  1.5 35.5  3 .7  3 .0  
38 1 .29 33.4  3 .2  37.4 0.8 0.6 
40 1.31 34.0  5.2 36.4  -2:8  -2-2  
42 1.29 33.6  9 .2  35.9  -6.9 -5.7 
44 1.29 33.5 5.8 35.3 -4.0 -3 .2  
46 1.30 33.8 1.3 35.5  0.4 0.3  
48 1.36 35.4 4.9  33.6  -6.7 -5 .2  
50 1.25 32.5  5.0 34.3  -3 .2  
Each sample is considered to be bound by unit surface 
area (1 cm.2) and as each sample has the same thickness it 
may be taken as unity. In effect the units are grams per 
cucic centimeter. 
^Weight of clay change expressed as a percent of the 
present clay content. 
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SUNBURY FLAT PROFILE 
<2 MICRON CLAY 
(grams * 10~2) 
20 30 
a. 30 
' 40 CLAY CHANGES 
DESTRUCTION OF CLAY 
LOSS OF ORIGINAL CLAY 
LOSS OF FORMED CLAY 
GAIN OF FORMED CLAY 
50'—i y 
GAIN OF TRANSLOCATED 
CLAY 
E3 
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FORMED CLAY 
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Figure 8. Depth distribution and changes of < 2 micron 
clay in the Sunbury Flat profile 
( 
159 
PALERMO FLAT PROFILE 
<2 MICRON CLAY 
(grams x 10"*) 
30 40 
m 
CLAY CHANGES 
DESTRUCTION OF CLAY 
LOSS OF ORIGINAL CLAY 
LOSS OF FORMED CLAY 
GAIN OF FORMED CLAY 
GAIN OF TRANSLOCATED 
CLAY 
EED E3 I—I 
ORIGINAL CLAY FORMED CLAY PRESENT CLAY 
Figure 9. Depth distribution and changes of <2 micron 
clay In the Palermo Flat profile 
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in place. From a depth of 16 to about -39 inches part of the 
clay gain is attributed to translocated clay. In the Palermo 
Flat profile, as in the Sunbury Flat profile, the loss of clay 
below a depth of about 46 inches indicates that unaltered 
parent material does not exist in this profile. 
Although clay formation appears to have taken place in 
both profiles, the conditions favorable for its translocation 
have been more active in the Sunbury Flat profile than in the 
Palermo Flat profile. The present clay content of the Sunbury 
Flat profile and the data indicating an abrupt illuvial hori­
zon agrees with data for some soils developed under forest 
(18, 24, SO). The illuvial B horizon occurs at a greater 
depth than in modal Fayette silt loam, a loess-derived Gray-
Brown Podzolic soil (18). 
The present clay content of the Palermo Flat profile and 
the data indicating a minor amount of illuviation agrees with 
data for some soils thought to have developed under grasses 
(7, lb, 21, 30, 32, 51, 54, 76, 78, 79). The data is similar 
to that of modal Tama silt loam, a loess-derived Brunizem 
soil (73) . 
Barshad (4) and others (7, 96) have estimated that the 
most clay, relative to a given weight of the non-clay fraction 
of the parent material, is formed in the lower A and/or upper 
B horizons of soils. Because the original weight calculated 
for the profiles studied does not show extreme fluctuations, 
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the weight of clay formed (column 4 in Tables 16 and 17) 
approximates the amount of clay formed per 100 grams of non-
clay in the reference parent material. 
Before discussing the formation of clay in these twc pro­
files a few comments concerning some assumptions in calculat­
ing clay formation should be made. Clay formation is calcu­
lated as a proportion of the loss of the non-clay fraction, 
however, in some samples there is an increase in the non-clay 
fraction. 
In the upper part of a profile a gain of non-clay is 
interpreted as indicating destruction of clay and in the lower 
part of a profile a gain of non-clay is interpreted as indi­
cating translocation of some of the non-clay fraction. 
To determine the amount of clay destroyed, the non-clay 
gain is multiplied by 1.15 which is the reciprocal of the 
value used for calculating clay formation. 
In the areas of non-clay translocation, the amount of 
clay formed may be zero or it may be assumed to be an average 
of two adjacent values of clay formation. The latter approach 
was followed as it does not seem reasonable that clay would 
form at one spot and not another in a zone of general clay 
formation in a uniform material. It is assumed that although 
both the clay and non-clay fractions may have been trans­
located, some clay was also formed in place. 
The data presented in Tables 16 and 17 indicate that 
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there are three zones In which clay formation is maximized. 
In the Sunbury Flat profile clay formation maxima occur at 
depths of 12-16 inches, 22-24 inches and at 38 inches; in the 
Palermo Flat profile the maxima occur at depths of 10-14 
inches, 20-28 inches and at 42 inches. As the sample incre­
ments in this study sre by 2-inch intervals rather than by 
genetic horizons the upper two maxima may correspond with the 
observed phenomena of Barshad (4) and Bourne and Whiteside 
(7) with regard to maximum clay formation in the lower A and 
upper B horizons. The zones of clay formation are separated 
by at least two contiguous increments (Figure 8) and it 
appears valid to infer that several distinct zones of clay 
formations may exist in the Sunbury Flat profile. It is 
tempting to speculate on the probability that this lower zone 
represents a former weathering zone near the surface which 
was subsequently buried and preserved by an additional loess 
mantle. At present there is little supporting evidence for 
a discontinuity of loess deposition at these depths. 
Clays 
Three zones of clay formation in the Sunbury Flat profile 
are indicated by the clay change calculations. From a. depth 
of 30 to 44 inches it appears (Figure 8) that the clay con­
tent in excess of the original content is the result of both 
formation In place and additions by translocation from above. 
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In the upper two zones clay should have formed In place 
but it has migrated out of these zones and accumulated in the 
lower zone. 
In the surface 8 inches it appears that if clay once 
formed in place it has subsequently been destroyed. This 
apparent clay destruction in the plow layer may result in 
part from the application of acid-forming fertilizers and in 
part may be a calculation anomaly. The porous surface struc­
ture allows coarser skeleton grains to be washed downward 
and concentrated in the upper few inches. Such a concentra­
tion of the non-clay fraction has been handled as clay 
destruction, however, a calculation anomaly is suspected be­
cause the present bulk density values ere reesonable yet the 
zirconium contents are quite erratic in the plow leyer. 
Additional information pertaining to the alterations of 
clay in the Sunbury Flat Tama silt loam is obtained from the 
relationships of the clay crystallite sizes in Table 3 and the 
curves in Figure 8A. The crystallite size of the 2:1 layer 
lattice clays in the parent material is estimated to be about 
£40 A°i and is an average value of the size of the matrix 
clays occurring at depths where the original and present clay 
curves intersect. Inferences based on these relationships 
will be discussed below. 
Matrix cla.v In the lower zone of clay formation 
(depth of 30 to 44 inches) in the Sunbury Flat profile where 
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Illuvial clay is also present the crystallite sizes are 
smaller than in the upper zones of clay formation. 
In the upper 20 inches of the profile where weathering 
is assumed to be most active the clay size is generally 
smaller than 240 A° which is the estimated size of the orig­
inal clays. The minor increases of clay size in the upper 20 
inches generally corresponds with extensive removal of the 
clays. 
A plot of the matrix clay size against the percent of 
translocated clay (based on the present clay weight) in the 
30 to 40 inch depth zone reveals a curvilinear relationship. 
This relationship throughout the illuvial zone is shown 
schematically in Figure 10A. 
This relationship is interpreted as follows : (a) The 
decrease of clay with increasing ^ains of illuvial clay in 
both the upper and lower part of the horizon indicates physi­
cal accumulation of small-sized clays translocated from the 
upper solum, and (b) as the clay increases beyond a certain 
value (3-4;6 in this profile) the increase in clay size is 
attributed to crystal growth. This growth may be due in part 
to edge-to-edge bonding of smaller crystallites, secondary 
growth synthesis from solutions, or a bonding of hydrous iron 
oxides between the existing crystallites. The maximum 
crystallite size (about three times the assumed original 
size) occurs in the region of the maximum amount of illuvial 
CRYSTALLITE 
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A. PED MATRIX 
Figure 10. Changes of clay crystallite 
of the Sunbury Flat profile 
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clay. 
This change of clay crystallite size appears to be corre­
lative with the amount of illuvial clay present in the hori­
zon . The proposed interpretations may be better understood 
from the following .analogy. Assume we have a box full of golf 
balls which represent the original clay. Mow we add some 
marbles which represent the small sized migrating clay. They 
trickle into the interstices. If we could measure only the 
average size of the mixture we would find it to be more than 
the marbles but less than the golf balls and so the size 
appears to decrease as we add more marbles. Now suppose we 
add some glue that has a greater affinity for the marbles than 
for the golf balls. If we continue to add both glue and 
marbles in the right proportions we get clusters of aggregated 
marbles which we cannot pull apart and their size gets bigger 
and bigger. When we measure the average size of this mixture 
we may find that it is now larger than that of the golf balls. 
To visualize part of the depth distribution we may assume 
that after a certain amount of glued marbles accumulate near 
the bottom of the box they plug up the holes and so the addi­
tional glue and marbles pile up above and cause a bulge in 
the ocserved average size. 
The concepts of the filter-candle effect and the layering 
of clays with hydrous iron oxides proposed by Jenny and Smith 
(35) may both apply in the above situation. Very small sized 
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clay migrates downward and as it accumulates the average clay 
size reflects the fineness of the clay being accumulated. 
After a critical concentration it appears that crystal growth 
occurs. Much of the matrix clay in this profile is seen as 
multi-layered aggregates in thin section (Plates 10 and 11) 
indicating cyclic translocation. The extinction brush cross­
ing the clay layers in Plate 11 indicates that the clay par­
ticles are oriented perpendicular to the arc of the layers. 
From the data about matrix clay it may be concluded that 
weathering near the soil surface tends to reduce clay to 
smaller sizes than that assumed to be the original size. As 
this weathering zone is also the site of the most clay removal 
it is concluded that the finer clays are more mobile than the 
coarser clay and consequently are moved out. Where clay is 
concentrated by a combination of in situ formation and illu-
viation there is a critical value above which the clay 
crystallite size increases due to some kind of crystal growth. 
The matrix clay changes probably represent longer time 
effects whereas ped surface clay probably indicates conditions 
most active in the current soil system. Because the soil con­
tains natural aggregates of soil material, the ped surfaces 
are generally the sites of initial alterations. 
Ped surface clay 
The crystallite size of clay on and near the surface of 
peds was determined only where the peds were large enough to 
Plate 10. Isolated fragment of strongly oriented clays In 
matrix of argillic horizon of Sunbury Flat 
profile; 60X, crossed niçois 
Plate 11. Layered clays with extinction brush indicating 
direction of clay orientation - argillic horizon 
of Sunbury Flat profile ; approximately 160X, 
crossed niçois 
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obtain a sufficient quantity of sample for analysis by scrap­
ing the ped surfaces. 
The relationship between the surface clay sizes and the 
percent of translocated clay in the 30-40 inch depth zone in 
the Sunbury Flat profile is shown in Figure 103. Compared 
with the matrix clay it appears that in the upper part of the 
illuvial horizon there has been crystallite growth on the ped 
surfaces, and in the lower part of the illuvial horizon there 
has been only an accumulation of small sized clay. 
It is to be noted that strongly expressed silans occur 
above the illuvial horizon, continue into the upper illuvial 
horizon, and decrease in intensity with increasing depth in 
and below the illuviated horizon. The particle size analysis 
of this silanic material (Table 3) shows that coarser par­
ticles tend to be concentrated in the stronger expressed seg­
ments of the silans and also that more of the finer fraction 
occurs at greater depths within the silan zone. It appears 
contradictory to have conditions both favorable for concen­
trating the coarser fraction of the material and favorable 
for clay crystallite growth at the same time and at the same 
sites. 
It was also noted that the total iron oxide content and 
number of coated grains were lower in the silanic material 
compared with the ped interiors. This indicates either a 
selective removal of hydrous iron oxides at the ped surfaces 
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or conditions unfavorable for their maintenance and accumula­
tion. The concentration of the larger grains, the lower con­
tent of oxides, and the remnants of oriented clays (see Plates 
4 and 5) support the opinion that the silanic material is gen­
erally residual in character rather than accumulative. 
In this Sunbury Flat profile the strongly expressed 
silans do not seem to co-exist with the maximum illuvial clay 
in the ped matrix. The clay crystallite sizes in the silanic 
material are always larger than the assumed size of the orig­
inal clay; however, the ped surface clay in the lower part 
of the illuvial horizon may be smaller than the assumed orig­
inal size. These changes of surface clay sizes are inter­
preted as micro-eluvial-illuvial systems with the average 
clay size increasing where the smaller sizes have been moved 
out and the average clay size decreasing at a lower depth 
where the fine material accumulates. Clay crystallite sizes 
larger than the average size of clay originally present are 
noted because the coarser clay minerals such as illite, 
chlorite, vermiculite and interstratified minerals influence 
the average size to a. greater extent as the smaller sized 
montmorillinites are removed. 
Depth distribution 
The depth distribution of clay for the Sunbury Flat pro­
file, several Gray-Brown Podzolic soils, and several Tama 
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(Brunizem) soils are shown in Figure 11. The upper 30 inches 
of the Sunbury Flat profile resembles the Tama soil curves, 
however, the clay content is 5-10 percent less and the maximum 
is less well expressed. The lower 30 inches of the Sunbury 
Flat profile is similar to the lower portions of several of 
the Gray-Brown Podzolic soils, particularly Missouri profile 
No. 31. The proposed clay genesis and the depth distribution 
of the present clay indicate that the Sunbury Flat profile may 
be a Gray-Brown Podzolic-Brunizem intergrade soil. The illu­
vial clay horizon is characteristic of Gray-Brown Podzolic 
soils and the upper solum is similar to the Brunizems except 
that the clay content is lower. The A]_/Bg clay ratio for the 
Sunbury Flat profile is 0.7 which is well within the range 
established by Smith e_t el. (73) for Brunizem soils. 
Brunlzemic Characteristics 
The following characteristics of the Sunbury Flat profile 
are considered to be diagnostic of Brunizen; soils and permit 
this soil to be included in the Brunizem great soil group. 
The profile has (a) a dark colored surface (10YR 2/1 in­
creasing to 3/£ with depth) approximately 11 inches thick, 
(c) a yellowish-brown B horizon ''dominant ly 10YR 3/3 and 4/3), 
(c) gradual horizon boundaries, at least to a depth of 26 
inches and (d) gradually increasing pH values with increasing 
depth. 
Figure.11. Depth distribution of 2 micron clay in several 
Gray-Brown Podzolic soils, the Sunbury Flat profile, 
and several Brunizem soils (numbers in parentheses 
are literature citations from which data were 
obtained) 
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This profile can not be considered modal for Brunizems 
because it contains silans in the lower subsoil. It has a 
well developed Illuvial clay horizon in the lower part of the 
profile with a B^/'A clay ratio greater than 1.2. 
The Sunbury Flat profile does not have Incipient graying 
in the lower A horizon nor an observable A% horizon that is 
characteristic of Gray-Brown Podzolic soils or intergrade 
soils (14, 18, 90). 
Sequence of Events on the Sunbury Flat in Cedar County 
Loess discontinuities 
The surficial loess east of the Des Moines lobe is 
thought to be of Tazewell age, 15-17,000 years B.P. by radio­
carbon dating (60, 63). 
A loess section overlying a Fa.rmda.le age surface (ça. 
22,900 B.P.) might consist of about 65/3 Tazewell age loess 
and 35;= lowan age loess according to observations in Iowa 
(59, 63). These estimates are based on faunal zones in 
Peorian loess above and below forest beds assumed to represent 
the Iowan-Tazewell interstadial. 
In Illinois Leonard and Frye (39) have been unable to 
detect distinct faunal zones in the Peoria loess that are cor­
relative with the lowan and Tazewell zonation used in Iowa. 
Frye et al. (b3) have noted an upper zone in Peoria loess 
that is morphologically recognizable only if an incipient soil 
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is present, however, they found that the mineralogy of the 
upper zone is distinctive from the main body of the Peoria 
loess. In the sections in which the upper zone was detected 
(%3, 39) the upper zone comprised about 35;v of the Peoria 
loess thickness. On the basis of radiocarbon detes and re­
gional stratigraphy they suggest the possibility that the 
incipient soils developed during Twocreekan time (12,500-
11,400 years B.p.). 
The loess stratigraphy in the Sunbury Flat area is prob­
ably closely related to the stratigraphy of loess in north­
western Illinois because of the nearness to the altered 
Mississippi Valley. The Mississippi River is thought to have 
been diverted from its old channel (presently the Illinois 
River) into its present course when Tazewell (Woodfordian) 
glaciers encroached upon it from the northeast (67). A tem­
porary channel known as the Goose Lake channel is only about 
30 miles east-northeast of the Sunbury Flat. 
The uncertainty of the stratigraphie relationships in the 
loess in eastern Iowa creates a dilemma in an understanding 
of the pedogenesis of soils in the Sunbury Flat area because 
the age of the landscape surface is unknown. 
A change in the properties of the loess pre indicated 
at a depth of about 46 inches which represents about 30)c of 
the thickness of Peorian loess at the Sunbury Flat site. This 
corresponds to the incipient soils in Peoria loess in Illinois 
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which are thought to have developed during the Two Creeks 
interval. If this is true, the soil profile would have to be 
younger than 11,400 years. 
Based on the loess stratigraphy in Iowa a discontinuity 
between lowan and Tazewell loess might be expected at a depth 
of about 8 feet. Although soil properties were not determined 
to these depths in this area, a discontinuity in loess (based 
on zirconium contents determined by the author) was detected 
at a depth of 8 l/z feet in a Taintor silty clay loam from 
southeastern Iowa. 
According to the zirconium content no distinct discon­
tinuities in loess deposition were detected in the Sunbury 
Flat profile above 46 inches. This does not, however, pre­
clude standstills of deposition that might be impossible to 
detect if the source area remained the same. 
Several other lines of evidence, nevertheless, suggest 
the possibility of a discontinuity occurring at a depth of 
about 2 feet. A bimodal distribution of total iron is record­
ed in Table 14 with a minimum occurring at a depth of 26 
inches. The linearity of the bulk density values shifts 
laterally from 10 to 20 inches and also from 20 to 32 inches. 
Total manganese gradually decreases from the surface to a 
depth of b4 inches then increases sharply and exhibits more 
fluctuations below this depth. Extractable phosphorous 
exhibits an inflection at a depth of 26-28 inches not noted 
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in the Palermo Flat profile and in general the curve appears 
to be offset vertically 10 to 14 inches compared with the 
Tama silt loam profile of the Palermo Flat. A bimodal dis­
tribution of the percent clay was reported in Table 15. The 
minimum between the maxima occur at a depth of 26 inches. The 
three zones of clay formation have already been mentioned and 
it may be recalled that the lower minima occurs at a depth of 
26 inches. 
These lines of evidence are, of course, not conclusive 
proof of loess discontinuities in the upper part of the pro­
file yet the tendency for the properties to exhibit minimum 
values at approximately the same depth suggests the possibil­
ity of discrete entities. 
As the profile studied occurs on a remnant of a stable 
upland still containing many undrained depressions it is 
thought that the pedogenesis is probably quite complex, and 
the uncertainty concerning the accumulation of soil materials 
may be the cause of serious errors in interpretation. 
Chronological sequence 
The following possible sequence of events is postulated 
by the author. 
1. The underlying Kansan till surface was eroded and 
its upper weathering zones removed. Although much of the 
erosion may have occurred when the Illinoian glacier was only 
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a few miles to the east, the final erosion took place during 
the advance of the Tazewell glacier which caused the Missis-
sipi River to shift its channel about 20,000 years ago• 
2. Lenses of basal eolian sands overlain by loess of 
lowan age were deposited on the eroded Kansasn surface• On 
some of the more sloping sites carbonates were not leached 
away, however, on the nearly level Sunbury Flat free carbon­
ates were completely leached from the loess. Several discon­
tinuities of loess deposition may exist but have not been con­
firmed as yet. 
3. lowan loess ceased and was followed by Tazewell 
loess. Evidence of the short time interval is assumed to 
exist at depths of 8-9 feet although it has not been sub­
stantiated . 
4. Increments of Tazewell loess were deposited and a 
final thickness of 6 to 8' was attained. Several discontinu­
ities of loess deposition are thought to have occurred ; the 
slight change of parent material at a depth of about 46 inches 
is assumed to represent one discontinuity in the Tazewell 
loess section. 
5. The Tazewell loess deposition was completed 15,000 
years ago and a forested regosol began to develop. A fairly 
well expressed A% existed 14,000 years ago (59, 63). Rem­
nants of that surface now occur at a depth of about 24-26 
inches in the profile. The original forest cover is assumed 
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to have been coniferous Including spruce and hemlock, however, 
faunal assemblages in Peorian loess in Illinois (-39) suggest 
that the general vegetational cover consisted of stands of 
trees along streams, and perhaps elsewhere, interspersed with 
large areas of open prairie. The climate is thought to have 
been somewhat cooler than today but not deficient in rainfall. 
6. The soil continued to develop Gray-Brown Podzolic 
characteristics, particularly an illuvial clay horizon. The 
Illuvial B is more strongly expressed than ones studied by 
Parsons et al. (47) and is estimated to be about 2500 years 
old. Assuming that the additional loess Increments were accu­
mulated prior to Two Creek time (say 12,500 years ago) then 
the soil had been developing from 15,000 to 12,500 years ago 
or about 2500 years. 
7. The warming climate associated with the additional 
loess deposition also permitted the prairie grasses to become 
better competitors with the deciduous forests. Clay formed 
in the new loess increments and was translocated to the buried 
illuvial clay horizon. As the climate gradually dessicated 
(60, 61) loessial increments were added to the profile, 
grasses became the dominant vegetation and a cumulic-regosolic 
Brunizem soil developed into a recognizable Brunizem. 
8. The present profile exhibits its poly-genetic his­
tory. It appears to be a minimal Brunizem to a depth of 26 
inches overlying a relic eluvial-illuvial horizon sequence of 
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a Gray-Brown Podzolic soil that has been somewhat modified by 
the subsequent pedogenesis of the overlying Brunizem. 
The Palermo Flat Profile 
The Palermo Flat profile does not exhibit striking evi­
dence of additions of loess or of a shift of vegetation as 
proposed for the Sunbury Flat profile. Some possible changes 
of the soil system in this profile may be inferred from the 
following observations. 
1. Below a depth of 48 inches the clay content is fairly 
constant but the zirconium oxide content and bulk density 
values increase. This has been assumed to Indicate a discon­
tinuity in loess deposition. The solum appears to have 
developed only in the material above this discontinuity. 
2. At depths of 38 to 46 inches both the clay and zir­
conium oxide contents are reasonably uniform. According to 
the pedogenesis calculations, clay is presumed to have formed 
in place in this zone. 
3. From 28 to 38 inches there is a noticeable increase 
in the amount of translocated clay based on the pedogenesis 
calculations. This appears to represent an illuvial clay 
horizon even though it does not correspond to the maximum clay 
content in the profile. Large planar voids and weak prismatic 
structural units are common in this zone. 
4. At a depth of about 20 Inches there is a sharp 
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Increase in the iron oxide content, manganese oxide content 
is near a minimum value, a relative minimum of clay formed 
occurs, and a slight shift in the clay content is noted. 
It was also observed that above a depth of 15 inches recent 
earthworm activity was evident and below this depth the tubules 
and faecal materials were compressed and often distorted. 
The above evidence is not thought to be sufficient to 
separate more than one discontinuity in the loess, however, 
they may indicate slight changes in the soil system. The 
presence of weakly expressed silans appears to be associated 
with the presence of the larger structural units in the sub­
soil • These peds have less surface area per unit volume than 
the smaller peds occurring at shallower depths. 
The soil properties do not seem to indicate influence 
of forest vegetation, rather, they attest to a significant 
influence of grass vegetation. The presence of thick, dark 
colored surface horizons with gradual boundaries to horizons 
enriched dominantly with clays formed in situ have been re­
peatedly observed in soils under prairie grass vegetation. 
This common association of vegetation and soil properties 
is the basis for inferring that the soil properties develop 
under the influence of the prairie vegetation. 
Soil properties observed under presumed virgin forest 
cover exhibit thin, moderately dark colored surface horizons 
which rest abruptly on firmer, clay enriched subsoil horizons. 
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On the basis of association it is inferred that these soil 
properties develop under the influence of the forest vegeta­
tion. 
Based on the soil morphology of the Palermo Flat profile 
studied here no inference can be made that the influence has 
been other than thst of prairie vegetation. There is no evi­
dence that the presence of weakly expressed silans in this 
soil are a result of a former cover of forest vegetation. 
Classification of a Brunizem with Subsoil Silans 
The Tama soils in eastern Iowa have been classified in 
the Brunizem great soil group by Smith et al. (73), and it 
was shown that the properties in the upper 30 inches of the 
Sunbury Flat profile are common characteristics of Brunizem 
soils. 
The placement of this profile in the 7th Approximation 
scheme of soil classification (85) will now be considered. 
The sequence of recognized diagnostic horizons is used 
to classify soils in the higher categories of the 7th Approxi­
mation. 
The placement of soils in Iowa with mo111c epipedons 
into the Udollic suborder of the Molli sol order hps been 
demonstrated by Turner (76). The upper sequence of a mollic 
epipedon and cambic horizon are given priority over the lower 
sequence of an albic horizon and argillic horizon. On this 
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basis the soil of the Sunbury Flat is properly a subdivision 
of the Hapludo11 greet group. 
At the subgroup level this soil is intergraded to other 
soils in which an albic and argillic horizon sequence is char­
acteristic . Three possibilities may be considered : Albolls, 
Altalf8, and Udalfs. 
The Albolls have an albic horizon overlying an argillic 
horizon, however, they must have an abrupt textural change 
from the albic to the argillic horizon (an increase of 20,? of 
clay within a distance of 3 inches in depth). The Sunbury 
Flat profile increases from %5.2,% at a depth of -30 inches to 
a maximum of 35.2/o at 38 inches which does not qualify as an 
abrupt textural change. 
The Altalfs by definition must have cutans of clepn silt 
or sand in some part of the argillic horizon and have base 
saturation greater than 60,o in the argillic horizon. However, 
in addition they must have a mean annual temperature less 
than 47° Fahrenheit and be dry (8b, p. 61) in some horizon at 
some period of the year. The soils in eastern Iowa do not 
become dry during the year and the mean annual temperature is 
estimated to be greater than 47° F. 
The Udalfs may have cutans of clean silt and sand grains 
in the argillic horizon only if the mean annual temperature 
is greater than 47° F. or if the base saturation in the argil­
lic horizon is less than 60%. Although the base saturation 
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In the argillic horizon of morphologically similar soils in 
Muscatine County is commonly greater than (65), the mean 
annual temperature in this part of Iowa is estimated to be 
approximately 49° F. (71) which means that the presence of 
cutans of clean silt and sand grains (silans) would not ex­
clude such soils from the Udalfic Great Group. 
From the foregoing discussion it appears that the Sunbury 
Flat profile may be classified as an Udalfic Hapludo11 (5.52-
7..5) at the subgroup level, however, such a placement gives 
no indication of the presence or absence of silans in the 
subsoil. 
As a matter of interest it may be pointed out that some 
Brunizems may have an upper argillic horizon in place of the 
camble horizon discussed above. If soils having such a hori­
zon sequence, namely, mollic epipedon, argillic horizon, albic 
horizon and argillic horizon with silans, they most likely 
would be classified as Udalfic Argudolls (5.52-7.2). 
Consequences of Classification 
The Tama soils in the western region of the Tama-
Muscatine soil association have been tentatively classified 
as Orthic Argudolls (5.530) at the subgroup level (76, 85). 
The fact that the soils in the eastern and western regions of 
the Tama-Muscatine soil association can be separated at the 
great group level, Hapludolls and Argudolls respectively, 
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supports the opinion of Simonson _et al. (69) that these two 
regions could be designated as separate soil associations. 
If the proposed classification is accepted it will neces­
sitate a revision of the present Tama series and the establish­
ment of a different series for the Tama-like soils in eastern 
Iowa, as soils separated at a high categorical level in a 
classification scheme must remain separated throughout all 
lower categorical levels. 
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DISCUSSION: GENESIS OF SILANS IN LOWER SUBSOILS 
OF BRUNIZEM SOILS 
Occurrence of Silans 
The presence of strongly expressed silans in the subsoils 
of Brunizem soils generally is associated with subhorizons of 
the solum in which there is an increase of structural unit 
size and grade of consistence. Illuvial clays are thought to 
be related to these horizons both in loess-derived soils of 
eastern Iowa and glacial drift-derived soils in northeastern 
Iowa. 
Brunizem soils having silans in their lower subsoils com­
monly have three diagnostic horizons. From the surface down­
ward they are a mollic epipedon, a cambic horizon and an 
argillic horizon overlying substrate soil materials. The 
silans generally occur in the upper part of the argillic 
horizon but may extend upward into the lower part of the 
cambic horizon. This horizon sequence in Brunizem or Udollic 
soils is thought to represent a change of the pedogenetic 
processes dominant in the development of Gray-Brown Podzolic 
or Udalfic soils to those pedogenetic processes dominant in 
the development of Brunizem or Udollic soils. 
Brunizem soils with argillic horizons Immediately below 
mollic epipedons or with cambic horizons between mollic epi-
pedons and C horizon soil material do not commonly contain 
silans in their lower subsoils. These kinds of Brunizems are 
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thought to have developed on landscape surfaces generally 
less than 15,000 years B.P. (61), and on sloping sites may 
be less than 1800 years B.P. (62). 
Some Processes Involved in Silan Development 
The properties of the silanic material indicate that 
eluviation and illuviation are important processes in the 
development and/or maintenance of silans. Eluviation of some 
soil constituents is implied from the comparison of ped 
interiors and ped surfaces. In general, the ped surfaces are 
coarser textured than the ped Interiors and also have lower 
contents of total iron and total manganese oxides. This is 
interpreted as evidence that these mobile constituents either 
have been removed from the ped surfaces or that conditions 
are unfavorable for their accumulation. The fluctuations of 
grain size distributions of silanic material, both horizontal­
ly and vertically, indicate that cycles of micro-eluviation 
and -illuviation may have occurred on the ped surfaces. 
Periodic size changes of clay crystallites with increasing 
depth also support the opinion that micro-eluvial-illuvial 
cycles may have occurred. Relative to the ped interior, the 
ped surface has lower contents of feldspars and oxide coated 
grains and there are present clays that resist collapse when 
heated. These features are Interpreted as evidence of in­
creased weathering at the ped surface relative to the ped 
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interior. 
Factors of Soil Formation Relevant 
to Silan Development 
Of the five soil forming factors (biota, climate, parent 
material, time and topography), the actions of climate and 
vegetation (a part of the biota) throughout time appear to 
have had more effect on the development of silans than have 
topography and parent material, particularly the texture of 
the parent material. 
The limiting condition of topography seems to exist where 
the soils are not freely drained. In this region the topo­
graphic positions that receive water in excess of normal rain­
fall are usually not well drained and silans have not been 
observed in these soils. 
The limiting conditions of parent material seem to exist 
where the soil materials are calcareous and also where the 
soil material is so dense or fine textured that the soil is 
considered to be poorly drained. 
The effects of climate and vegetation are not easily sep­
arated on the better drained soil sites as the vegetation 
readily adapts to changes or shifts in the climatic regime. 
The presence or absence of grass or forest on these soil 
sites today often reflects a micro-climatic condition rather 
than the macro-climate of the region. We look, therefore, 
at the soils thought to have developed under a particular 
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vegetation and from the observed soil properties make infer­
ences about ihe particular soil system. 
In general, the soils thought to have developed under a 
deciduous forest in the subhumid temperate region differ from 
soils thought to have developed under a prairie vegetation in 
the following ways, assuming an equal stage of development: 
(a) slightly more annual return of organic litter that 
is concentrated in the upper few inches of the 
mineral soil (73); 
(b) equal or slightly lower total clay content In the 
solum but having a marked illuvial horizon (73, 84); 
(c) lower bulk density values in the upper part of the 
solum (73); 
(d) lower pH and base saturation values in the upper 
part of the solum (73, 84); and 
( e) lower values of water evaporation and surface 
recharge of water during the growing season (49, 
72). 
Field observations in Iowa reveal that 3 horizon struc­
tural units in soils developed under forest vegetation usually 
are of stronger grade, firmer consistence, and of larger size 
than in soils developed under grass vegetation. It is 
thought that these properties are partly the result of dif­
ferences in the wetting and drying of the soils under these 
two kinas of vegetation. 'The moisture cycle is, in turn, 
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related to the rooting habits of the vegetation. 
Grass roots tend to explore more of the soil mass in the 
upper part of a profile and their annual cycle of die-back 
and renewa.i. aid in maintaining small sized structural units. 
Tree roots tend to spread out more, go deeper, and have less 
annual regrowth than the grass roots. 
As the peds under forest receive addition's of translocat­
ed clays the constituents apparently undergo some reorienta­
tion and tend to become more stable. This may also seal off 
some transmitting pores forcing the bulk of the moisture to 
move along the ped surfaces. 
Surface recharge of water under deciduous forest during 
the growing season is often reduced because much of the water 
is intercepted and evaporated directly from the foliage. 
This results in a greater moisture stress and consequently 
a greater drying out of the lower profile as the trees do not 
exhibit the high degree of dormancy that most of the grasses 
do when under severe moisture stress. 
These soil and site characteristics ^re thought to re­
flect differences of vegetational influence in freely drained, 
acidic soil materials in this region. 
Time as a factor of soil formation serves as an intensity 
factor for changes of climate and vegetation and their effects 
on the course of soil development. If sufficient time has 
passed for the pedogenetic processes active under the influ-
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ence of deciduous forest to bring about changes In the soil 
materials the common horizon assemblage is found to consist 
of a thin ochric epipedon over an albic horizon that overlies 
an argillic horizon. On the other hand, the common horizon 
assemblage in the better drained soils of prairie landscapes 
is found to be a thick mollic epipedon underlain by either a 
cambic or argillic horizon. A cambic horizon is not a common 
characteristic of soils under forest in Iowa, nor is an 
albic horizon characteristic of the better drained soils under 
grass vegetation. 
The presence of silans in an argillic horizon underlying 
both a mollic epipedon end a cambic horizon is, therefore, 
considered evidence that silans have developed under the in­
fluence of forest vegetation. The fact that silans presently 
are observed in the argillic horizons of some Udalfic soils 
supports the above opinion. 
A Simplified Model of Silan Development 
If a natural structural unit in a subsoil is considered 
as a quartz rock containing impurities of clay and other com­
ponents which is exposed to circulating acidic ground water, 
the development of silans may be considered analogous to the 
development of patinas in cultural flints as outlined by 
Hurst and Kelley (31). The following model is based on their 
discussion. 
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Assuming that the ped Is dominantly quartz, its color is 
determined by grain size, texture (arrangement of consti­
tuents; , and the kind and number of impurities. Grain size 
and texture determine how much of the incident light enters 
the specimen and passes through and how much is reflected 
bacK by a series of refractions and reflections at the grain 
interfaces. The ratio of the transmitted light to the dif­
fused and reflected light fixes the transparency of the speci­
men and therefore, its value. The impurities, such as clays 
and oxides, affect the ped color in two ways; they influence 
the ratio of transmitted to reflected light and also the 
absorption of light. The surfaces between impurities and en­
closing quartz grains are more effective in refracting and 
reflecting light than are the surfaces between quartz grains. 
The kinds of impurities determine which wavelengths are 
absorbed and consequently determine the hue, whereas the 
amounts of impurities affect the degree of color saturation 
as observed by differences in chroma as well as in value • 
The development of silans proceeds by the interaction of 
at least three different processes that operate, for the most 
part, on the impurities in the ped. These processes are (a) 
oxidation and hydration, (b) dissolution and translocation, 
and (c) chemical and mechanical disaggregation. The rate of 
development will vary greatly depending on what is the pre­
dominant mechanism by which water and other weathering agents 
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penetrate the ped. 
As the more easily weatherable impurities are attacked 
local volume changes occur and the quartz grains are loosened 
somewhat. Iron oxides hydrate and disperse along grain 
boundaries and in voids. This is commonly the condition 
observed in ped interiors (Plate 4). 
The collective effect of the various oxidation, hydration 
and dissolution processes is a loosening of quartz grains and 
an increased porosity. This increases the reflectivity of 
the specimen and is seen as a white colored ped coating. 
Where iron oxides or other pigments are dispersed near the 
surface the whiteness is modified to various shades of brown. 
Characteristically the development of Bilans proceeds 
from the ped surface toward the ped interior and several 
layers mbe distinguished. The ferriginous impurities have 
been attacked and partly dispersed in the ped interior. In 
the next layer dispersal is pronounced and the translocation 
of ferriginous and other pigments is perceptible. In the 
outer layer translocation is pronounced and the silanic mate­
rial is quite porous. This sequence is illustrated in Plates 
4 and 5. 
The whiteness of the silans is due partly to textural 
changes and an increase in the reflectivity occasioned by the 
dispersal of opaque matter, and partly to translocation of 
the reddish brown pigments (Plate 5). 
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Theoretically all peds existing in an environment of cir­
culating acidic ground waters are susceptible to silan devel­
opment. The rate varies with many factors including (a) the 
texture and microstructure of the ped, (b) its permeability, 
(c; the kind, proportion and distribution of impurities, and 
(d) on the internal environmental factors such as kind and 
amount of soil solution and soil temperature. The thickness 
of Bilans also varies with the length of time the ped is ex­
posed to the conditions favorable for silan development. 
The model is not complete without mention of the possi­
bility that silans may be added to by the secondary growth 
of quartz brought about by the dissolution or recrystalliza-
tion of plant opal. Prairie grasses accumulate opal in their 
stems and leaves and the annual litter provides a possible 
source of silica. Several specimens found in silanic material 
and thought to be plant opal are shown in Plate 12'. 
If this process were dominant in the development of 
silans, then most Brunizem soils should contain silans. Such 
is not the case, however, and the addition of plant silica 
is not thought to be an important factor in the formation of 
Bilans in Brunizem soils. 
Silans are thought to develop primarily as alteration 
features in argillic horizons under the influence of forest 
vegetation. They are degradations! in the sense that they 
are mostly residual concentrations of soil constituents and 
Plate 12. Forms of plant-opal observed In the silanic 
material of the Sunbury Flat profile 
A. Parallel niçois; 520X; approximate scale, 
0.5 inch = 16.3 microns 
B. Same phytollth as in A; crossed niçois; 
160X; approximate scale, 0.5 inch = 
21.5 microns 
G. Parallel niçois; 160X; approximate scale, 
0.5 inch = 21.5 microns 
D. Parallel niçois; 64OX; approximate scale, 
0.5 inch =9.8 microns 
E. Parallel niçois; 160X; approximate scale, 
0.5 inch = 21.5 microns 
F. Parallel niçois; 160X; approximate scale, 
0.5 inch = 20.8 microns 
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contrast with illuvial clay accumulations which are usually 
absolute concentrations of soil constituents. After prairie 
vegetation becomes established it promotes the development of 
a mollic epipedon and the formation of clay in situ• These 
changes in a soil system probably inhibit further development 
of silans. 
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SUMMRY 
The Problem 
A typical Brunlzem soil is a well drained soil having a 
thick, dark colored surface horizon that gradually grades into 
an underlying brownish colored B horizon containing more clay 
than the surface horizon. The B horizon also has a gradual 
lower boundary to the slightly altered soil material called 
the C horizon. 
Some soils in eastern and northeastern Iowa, considered 
to be Brunizen, soils, contain light colored silty or sandy 
coatings on structural units in the lower subsoil. These 
coatings, commonly occurring in a zone, are considered to be 
an extra morphological feature in these Brunizem soils. 
This study has been an attempt to provide some data and 
concepts leading to a better understanding of Brunizem soils 
which have light colored, grainy coatings in their lower sub­
soils . 
The Approach 
What has been the genetic pathway by which these coatings 
have developed? This question cannot be answered precisely 
or directly. The answer is approached through a series of 
approximations based on the available information. 
This particular approximation is based on information 
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from three general kinds of observation. First, some prop­
erties of the coatings, termed "silans", were determined; 
second, the distribution of Brunizem soils having subsoil 
silans was estimated; and third, a pedogenetic interpretation 
was made of the data of a specific Brunizem with subsoil 
-si lans. 
Silans 
In this study the term 11 silan11 refers to a light colored, 
grainy ped coating and is defined thus: a silan is a modifi­
cation of the size, shape and/or arrangement of constituents 
at natural surfaces in soil materials resulting in an accumu­
lation, either absolute or relative, of highly siliceous 
grains having colors with high values and low chromas. 
A strongly expressed silan is a striking morphological 
feature because of its contrast with the associated ped in­
terior. Silanic material and ped interiors were sampled and 
some of their properties determined. It was found that, in 
general: 
1. Silans have higher color values and lower color 
chromas than ped interiors and exhibit a higher color contrast 
when dry than when moist. 
2• Silans have higher quartz/feldspar and quartz/coated 
grain ratios than ped interiors. 
3. Silans tend to have more large size grains than ped 
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interiors. The granular material is not distributed uniformly 
along ped surfaces either vertically or horizontally. 
4. Silanic material contains less total iron and often 
less total manganese than the ped interiors. 
5. Silanic material contains clay which usually has 
larger crystallites than the clay in the ped interiors. Some 
of the clay in the silanic material resists collapsing on 
heating more than similar clay in the ped interior. 
Based on the differences of particle size, mineralogy, 
and iron content it is inferred that weathering is greater at 
or near the ped surface than in the ped interior. It also 
appears that illuviation of some granular components and 
eluviation of more soluble and mobile components have been 
active in the formation of silans. 
Silans differ among themselves in their color contrast 
with the ped interiors, in the amount of ped surface that they 
cover, and in their thickness on the ped surfaces. A sys­
tematic grouping of defined ranges of these three properties 
has been used to classify silans into four classes of 1 degree 
of expression1• 
Brunizems with Subsoil Silans 
Observations at 69 random soil sites in northeastern 
Iowa, 50 selected sites in eastern Iowa, 58 selected sites in 
east central Iowa, 10 selected soil areas in southern Iowa, 
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and many other scattered observations by the author in addi­
tion to a review of published information about Iowa soils 
were used to estimate the distribution of Brunizem soils 
having subsoil silans. 
Brunizem soils with silans in their lower subsoils are 
generally limited to the northeastern Iowan drift area and 
the loess area adjacent to the Iowan drift in eastern Iowa. 
This general area of the state presently has an average annual 
rainfall of 30 to 35 inches, 45 to 50° F. mean annual temper­
ature, a frost-free growing season of about 160 days, and 
frost penetration of 30 to 40 inches in the winter (71). 
It was estimated that in Iowa Brunizem soils with sub­
soil silans may cover up to two million acres mainly in the 
Kenyon-Floyd-Clyde and Tama-Muscatine soil association areas. 
If this estimate of the extent of the presence of subsoil 
silans is of the right order of magnitude it emphasizes that 
this study is only an initial exploratory one. Much more 
work will be necessary to elucidate the location, grades of 
development, physical and chemical properties, genesis and 
morphological significance of silans in Brunizem soils. 
The following general relationships of silans and other 
soil properties were noted in this study: 
1. Silans are not present in poorly drained soils nor 
are they present in calcareous soil materials. 
2. Silans are more commonly observed on vertical faces 
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of prismatic and blocky structural units. 
3. Silans in Brunizem soils appear to be associated with 
an argillic horizon which occurs below a mollic epipedon-
cambic horizon sequence. Silans have not generally been ob­
served in Brunizem soils having either (a) a mollic epipedon-
cambic horizon-C horizon sequence or (b) a mollic epipedon-
argillic horizon-C horizon sequence. 
4. Silans are common in forest-formed Gray-Brown Pod-
zolic soils which generally have an ochric eplpedon, -
alcic horizon, Ag - argillic horizon, Bt - C horizon sequence. 
In these soils the silans are most strongly expressed in the 
upper part of the argillic horizon. 
5. Silans in Brunizem soils in the Kenyon-Floyd-Clyde 
soil association area are related to the underlying till sur­
face but the exact nature of this relationship is not known 
at present. 
6. Silans occurring in zones are more strongly expressed 
in the better drained soils in the eastern region of the 
Tama-Muscatine soil association area than in the western 
region. 
Based on these observations it is inferred that the 
formation of silans in the better drained soils is more 
closely related to the soil system under deciduous forests 
than to the soil system under prairie vegetation. It appears 
that the presence of silans in the subsoils of Brunizems may 
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be considered relic features and are not generally related to 
the combination of soil forming processes thought to exist 
in the development of Brunizem soils. 
Pedogenesis of Two "Tama" Soil Profiles 
A detailed study was made of a "Tama" soil profile from 
eastern Iowa having strongly expressed subsoil silans and a 
Tame soil profile from east central Iowa having weakly ex­
pressed subsoil silans. 
The soil with strongly expressed silans is referred to 
as the "Sunbury Flat profile" and the other is referred to as 
the "Palermo Flat profile"; these names are derived from the 
localities in which these soils occur. 
Some pedogenetic interpretations based on this investiga­
tion are : 
1. The Sunbury Flat profile should not be considered a 
typical Brunizem or modal Tama soil because it contains an 
extra morphological feature, namely, an argillic horizon with 
silans between the overlying mollic epipedon-cambic horizon 
sequence and the underlying C horizon. 
2. The Sunbury Flat profile is thought to be poly-
genetic. A Gray-Brown Podzolic soil formed under deciduous 
forest having silans developed in the upper part of the 
illuvial clay (argillic) horizon is thought to have been 
buried under additional increments of loess. It is further 
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thought that grasses became the dominant vegetation and a 
cumulic-regosolic Brunizem soil developed into the present 
recognizable Brunizem soil. It appears that there is a min­
imal Brunizem to a depth of 26 inches overlying a relic 
eluvial-illuvifil horizon sequence of a Gray-Brown Podzolic 
soil that has been somewhat modified by the subsequent pedo­
genesis of the overlying Brunizem. 
•3. The Palermo Flat profile may be considered a near 
modal Tama silt loam even though it has a few weakly expressed 
silans in its lower subsoil. The horizon sequence appears to 
be a mollic eplpedon, cambic intergrading to argillic horizon, 
and C horizon. 
4. The Palermo Flat profile may also be poly-genetic, 
however, based on the soil morphology of the profile no infer­
ence can be made that there has been any influence other than 
that of prairie vegetation. 
5. Morphological and genetic interpretation differences 
between the Sunbury Flat and Palermo Flat profiles indicate 
that the eastern and western regions of the Tama-Muscatine 
soil association in Iowa may be considered as separate and 
distinct soil association areas. 
Genesis of Silans 
In a consideration of soll-silan relations the following 
criteria, if taken individually, fail to account for silans. 
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1. Macro-climate. Both soils with and without silans 
may be observed in the same climatic region, e.g. northeastern 
Iowa; however, the soils in western Iowa where there is less 
rainfall generally do not contain silans. It is inferred that 
climate may provide some necessary condition, such as its in­
fluence on vegetation, but does not itself determine the 
presence of silans in soils. / 
2. Parent material. Silans are known to exis.t and be 
absent in soils derived from similar kinds of loess and till 
in northeastern Iowa. These soil materials usually are medium 
textured. Silans have not been observed in sandy materials 
but may be present in more clayey materials. Silans have not 
been observed in calcareous soil materials but may or may not 
be present in leached soil materials. Other than being sandy 
and/or calcareous, the parent material appears to have little 
influence on the presence of silans. 
3. Topography. Silans are not known to exist in poorly 
drained soils and are thought to be either absent or of minor 
extent in excessively drained soils. Soils in northeastern 
Iowa considered to be imperfectly, moderately well and well 
drained may or may not contain silans. As many topographic 
or landscape positions are included in these drainage classes, 
it appears that topography is not solely responsible for 
silans. 
4. Time. Most exposed soils in Iowa are of Wisconsin 
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age and are thought to be generally less than 17,000 
years B.P. (61). Soils in northeastern Iowa that are thought 
to be of the same age may or may not contain silans, so It 
appears that length of exposure or development does not neces­
sarily control silan development. 
5. Vegetation. Most of the better drained soils 
thought to have formed under prairie vegetation do not have 
silans except the ones in northeastern Iowa mentioned in this 
study. 
Most of the better drained soils in Iowa thought to have 
formed under deciduous forest do have Ag and Bt horizons; 
usually portions of the Ag and upper Bt horizons contain mate­
rial that comes within the definition of silans as proposed 
in this study. In this study the presence of silans has been 
found to be associated with or inferred to be related to soil 
systems influenced by deciduous forest cover. The presence 
of silans in the subsoils of Brunizem soils is thought to 
generally be a relic feature and not related to pedogenesis 
influenced by prairie vegetation. 
The development of silans in subsoils of Brunizem soils 
is, therefore, thought to have been similar to the develop­
ment of silans in the upper part of argillic horizons in 
present day Gray-Brown Podzolic soils. 
A model is proposed for the development of silans . The 
basic consideration is that a soil ped is essentially a 
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porous quartz rock containing impurities of clay and iron 
oxides. The peds exist in an environment of circulating 
acidic ground waters and the interactions of (a) oxidation 
and hydration, (b) dissolution and translocation, and (c) 
chemical and mechanical disaggregation operating, for the 
most part, on the impurities are responsible for the develop­
ment of Bilans. Silans develop as alteration features at the 
surfaces of soil peds. 
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APPENDIX A: SOIL DESCRIPTIONS OF THE PALERMO FLAT 
AND SUNBURY FLAT PROFILES 
Palermo Flat Profile 
Location: 260 feet south a no. SO feet west of the center of 
Sec • 29, T 87 N, R 17 «V, in Grundy County, Iowa. 
Vegetation: Corn. 
Natural drainage: Moderately well. 
Parent material : Wisconsin loess. 
Slope : Nearly flat, about 1/2-3/4 percent to south and west. 
Collected by: R. IV. Arnold, October 14 and 15, 1962. The 
following description is based on a moist 
monolith taken at this site. 
Depth 
Horizon (in.) Morphology 
Apl 0-2 10YR 2.5/l(m) - 4.5/1.5(d); light silty clay 
loam; slightly compact massive clods breaking 
to moderate medium granular; friable; clear 
smooth boundary. 
The aggregates are 1-2 mm. in size and dif­
ficult to separate into individuals. A 
channel about 1 mm. diameter, vertical orien­
tation; vesicle 4x2 mm., walls not smooth but 
slightly compressed and have silty grains on 
surface. Other channels at about 30° from 
vertical; void wall with a smoothed wall and 
has lighter colored silt rrains on the sur­
face which faces downward. A few fine crop 
roots present, mostly horizontal directions. 
Ap2 2-6 10YR 2/l(m) - 4.2/1.5(d); light silty clay 
loam; slightly compact, weakly massive break­
ing to fine and medium angular fragments ; 
clear smooth boundary. 
At 5 1/2-6" there is a 2x111 glaebule hori­
zontally oriented and is like a chamber and 
consists of tubules and channels (earthworms), 
some have fillings of clustered ellipsoids 
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(faecal debris and mineral matter), it is the 
same color as adjacent material but has a 
smoother coat as thougn troweled out. Sev­
eral isolated patches of lighter brown soil, 
it has more coarse silt grains stained with 
oxides ana lac its the organic coat of the en­
closing material. Some organic crop residues 
oriented nearly horizontally in this zone 
(plow mixing) . The soil aggregates tightly 
adhere to one another in this dry state, some 
range from 2-6 mm. altnough larger clusters 
exist. It may ce that 50;s of material is 
reworked (worms, etc.) 
A3 6-9 10YR .8/1 (m) - 4/1.8 (d) ; light silty clay 
loam; moderate medium granular; friable ; 
gradual smooth boundary. 
The aggregates are organized into larger 
units with some large voids crossing vertical 
axis at .30-45° • The bigger ones cut the 
vertical axis at 5-20 . One large planar 
void is highly complex and is comprised of 
hundreds of micro-faces of smaller aggregates. 
The ped elementary units appear to be 4-6 
mm., rounded blocky units at this energy 
state. There are darker, smaller sized 
aggregates (granular) along one joint plane 
which appear to be material sloughed from 
above. 
Bll 9-15 10YR 3/1(m) - 4/2(d) and 10YR 4/1.5(m) -
5/3(G) with some channel fillings of 10YR 
o/l(m) - 4/1.2(d); silty clay loam; moderate 
medium granular in upper part, moderate fine 
and medium subangular blocky in lower part ; 
friable ; gradual smooth boundary. 
At time of sampling 85-90/J of aggregates were 
medium granular, the rest were very fine. 
The most striking feature is the series of 
filled tubules in nearly vertical positions. 
One is 4-6 mm. diameter, another is 12-14 
mm. diameter; the tubules have smoother walls 
than the ped faces and the material is darker 
colored. There is one vesicle 8 mm. diameter 
filled with 1-2 mm.. egg shaped material, one 
cut showed three of these vesicles. The en­
closing material is lighter colored. Several 
areas of structure when picked loose are like 
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segmented prismatic material about 15-18 mm. 
across and one was seen to have an oval hole 
5 mn.. across through the center of a segmented 
piece. Most pieces rre 5-10 mn;. thick and 
Ik,-20 mm. in diameter. Other aggregates are 
rounded blocky to blocky ped, 6-10 mi:.. long 
and 4-7 mm. across. 
Bl2 15-20 10YR 4/1.2 and 4/2(m• - 5/2 and 5/3(d); when 
dry some concave faces rre 10YR 5/2, convex 
faces 10YR 5/3 and edges 10YR 6/3 ; light 
silty clay loam; moderate fine subangular 
blociiy; friable; gradual smooth boundary. 
At time of sampling there were 50A- medium 
aggregates and 50. fine aggregates. The 
stacle units rre 1/8-1/4 " subangular blocks 
with some granular. The dancer colored mate­
rial is less than 10 ;i. The large tubules 
and channels are less well defined. Hear 
top there is a slight dipping horizontal 
plane between 16-17" which traverses 2/5 of 
the tray; a weaker one at 18 1/2". A few 
channels 3-5 mm. but walls are not darkly 
coated. Some tubules through peds 1 mm. or 
less do have dark walls which are smoothed. 
By estimation the structural units by volume 
are: 11-18 mm. 60%; 5-11 mm. 30.c; 1 1/2-
5 mm- 8,'j; less than 1 1/2 mm. 2,-2. The units 
are oriented vertically. 
321 20-2'-' 10YR 4/2.5 and 4/3(m) - 6/3(d) exteriors with 
10YR 5/3 end 5.8/3(d) interiors ; silty clay 
loam; wean medium subangular blocky breaking 
to moderate fine subangular blocky; friable ; 
gradual smooth boundary. 
Starting at 20" there is weak tendency toward 
prismatic; when carefully handled it is about 
70.- but when disturbed it is 95/- subangular 
blocky of medium and fine size. At 24" there 
is 10-15,-- in prisms which break to 85'ï medium 
subangular blocks and 15-20.- fine blocks. 
The blocks are slightly larger in weak state 
cut break down to 1/8-1/4" blocks. At 28" 
there is a noticeable increase of larger 
units, compound subangular blocks going up 
to 3/4-1". Break readily to angular blocks 
and subangular blocks that range down to 1/8 
but tore often 1/4 to 3/8". Dark colored 
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material is less than 3;-c in vertical cross 
section. There are rounded, almost ovoid 
(egg-shaped) masses 22-28 mm. long, 8-10 mm. 
diameter which are same color as enclosing 
material but these are different structural 
units, these are more angular, have sharp 
edges, and appear to be more dense, i.e. less 
minute holes traversing the ped interior. 
They tend to have more clean grains on the 
surfaces even where partings ere internal in 
the mass. These masses do not remove readily 
from the enclosing; material. Several clus­
tered groups of spherical shape have been 
squashed or flattened; some plant roots go 
through. One cylindrical mass is in near 
vertical position and has cupped, segmented 
sections 6-10 mm. diameter by 3-6 mm. long. 
They are not always easily removed but adhere 
to enclosing material. A flattened rounded 
soil mass about 10-12 mm. diameter has accomo­
dating surfaces. It is difficult to assess 
the ;-s of the rounded edge material but it may 
be about 50,o. The rest of the pedal material 
breaks down to angular fragments 8-15 mm. 
long and often as wide. Grossly there are 
interlocking vertical peds and slanted hori­
zontal voids every 2 or 3 inches. The over­
all aniso trophy is vertical but locally 
there may be horizontal trends (also in the 
smaller units). 
B22 29-32 A few isolated silty spots 10YR 7/1(d) not 
visible when moist; matrix mixed 10YR 4.8/2 
ana 4/2(m) - 6/3.2(d); silty clay loam ; 
weak coarse subangular blocky breaking to 
moderate medium subangular blocky; friable; 
clear smooth boundary. 
A marked tendency for prismatic ; prisms are 
weakly developed and break readily to subangu­
lar blocks, many of which are 3/8-1 " in size• 
With handling they break to smaller units, 
however, many edges and faces get rubbed or 
rounded off. Root and worm channels have a 
simple surface with regard to color and 
troweled effect, they are smooth and uniform 
in color. Adjacent areas often snow complex 
patterns related to surfaces, cracks, edges 
and so forth. Rounded masses are far less 
distinct than above although curved surface 
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accomodation of some peds suggests their 
presence. A large horizontal crack at 30". 
Along the minor intersecting planes the peds 
are smaller, more angular and seem to be 
stress or shear plane s which control the peds. 
The horizon material is coherent, difficult 
to separate into peds when dry. Peds then 
have long axis of 12-20 mm., short ones of 
7-11 mm- Bilans begin to become distinct in 
lower inch. Above this on the smoother sur­
faces and often on curved surfaces there are 
Bilans, some in streaked horizontal stripes. 
B31 32-36 Isolated silty spots 10YH 5/3(m) - 8/1(d); 
exteriors 10YR 4/3(m) - 6/3(d) with mixed 
interiors of 10YR 4/3 and 4/4(m) - 6/3 and 
6/4(d); light silty clay loam; very weak 
medium prismatic breaking to moderate medium 
subangular blocky; friable; gradual smooth 
boundary. 
Prismatic tendency is clerrly marked, prisms 
1-1 1/4" across and 2-311 long may be sep­
arated . Many faces here co?ted with silica. 
Also tendency for horizontal cleavage, giving 
crude blocks 3/4-111 across. Weak prisms 15-
20% but break mostly to 80-8 5;- medium sized 
subangular blocks while rest goes into 
smaller units or single grain. This marks 
the beginning of large planar voids, nearly 
vertical, but with some re-entrant angles. 
Along some planes the peds increase in size 
with depth then merge into the prisms below. 
The prisms have trapezoidal cross section, 
bigger ones may be 12-20 cm. on s side, small­
er ones 4-8 cm. on a side. The vertical 
distribution is not really known but in tray 
one continuous one is 30 cm- long. Near 
bottom of horizon are several egg-shaped 
cavities, one 12x7 mm. diameter, another 
9x4 mm. diameter, which have smoothed walls, 
same color as enclosing material and filled 
loosely with rounded pellets of rounded soil 
material that may break out from other units, 
as do soAe elongated soils materials 4-6 mm. 
diameter and 20 mm. or so long (these appear 
to be filled e^rtr.worm channels) . In upper 
part prisms seems to dominate structurally. 
The voids or planar voids are covered with 
si l an s. On macro-scale they are horizontal 
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to 20 inclined and have a banded appearance. 
Mcro-ridges and channels may be seen; the 
channels filled with nearly white silts. 
332 36-45 Thin, spotty and patchy, high contrast silans 
10YR 7/1(m) - 8/1 and 8/2(d); exteriors I0YR 
4.5/2(m) - 7/2(d) with interiors of 10YR 
5/3(m) - 6/3.5(a) having mottles of 2.5Y 
7/2(à) ar^d 7.5YR 5/6(o.) ; medium silty clay 
loam; weak medium prismatic breaking to 
moderate medium blocky; friable; gradual 
smooth boundary. 
Prismatic blocks more strongly expressed, 
1 1/2-2" across and several chunks 3-511 long 
were removed. Again a tendency for horizon­
tal cleavage so that material breaks into 
angular blocks. Very little structure other 
tnan prisms ; once they are broken it goes to 
fragments. The cleavage of these prisms are 
nearly vertical, 5-10° one way or the other. 
They do not form right angles but have fairly 
sharp angle interfaces. The most striking 
feature is the silan coatings of the peds. 
These are banded in appearance and have 
referred orientation, multi-directional along 
channels which go in all directions along the 
voids and are of several sizes. The larger 
ones are 0.9-1.0 mm. and the smaller ones 
are 0-1-0.2 mm- in diameter. Small holes 
(often called pinholes) dot the void surface ; 
they range from less than 0.1 to 0.>5 mm. in 
diameter. A count of four different 1 cm.% 
areas reveals an average of 24 pinholes per 
square cm. They are randomly distributed. 
Where silans are most prominent, the pinholes 
are less (filled over by the silt grains), 
averaging about 17 per square cm. Large 
channels are dominantly vertical. In places 
the silans in horizontal bands show little 
relationship to the channels or other 
features. 
C 45-60 Colors similar to above; silty clay loam 
grading to silt loam with depth; nearly mass­
ive but some weak large prisms; soft to very 
friable. 
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Prismatic tendency is still prevalent, prisms 
are 2-411 across. Several prisms 4-5" long 
were removed. They have costings in pockets 
and almost weak horizontal banding. The 
material no longer readily breaks down to 
smaller units but becomes massive end frieble 
silts. 
Sunbury Flat Profile 
Location: 675 feet west and 102 feet north of the southwest 
corner of the NE 1/4, NW 1/4-, Sec. 26, T 80 K, 
R 1 V.', in Cedar County, Iowa. 
Vegetation: Alfalfa hay. 
Natural drainage : koderately well. 
Parent material: Wisconsin loess. 
Slope: Nearly flat, approximately 1/2 percent to the east. 
Collected by: R. W. Arnold, October 25 end 26, 1962. The 
following description is based on a moist 
monolith te,.en at this site. 
Depth 
Horizon (in.) Morpho lo gy 
Apl 0—3 10YR 3/1(m) - 4/l(d): silt loam; weak cloddy 
breaking to moderate very fine and fine 
granular; friable; clear smooth boundary. 
The material on drying becomes cemented into 
an almost massive chunk; it appears to be 
formed of very small granules ( 1-2 mm. 
across); some aggregates 3-4 mm. ere observed 
along major cracks. In the drier state the 
whole layer is nearly massive and is marked 
by a nearly horizontal planar void et bottom. 
Soil materiel directly above this void has a 
plate-like character; several masses about 
1 inch across were removed which have a more 
compact look, less pinholes and inped pores. 
Within these fragments there are many little 
holes which look like root holes end some 
show slight alignment of material along the 
dried channels. Several large horizontal 
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roots with a smoothing of material around 
them but no change of color; colors are uni­
form, no lighter colored spots. Cementing 
makes this quite firm when dry, however, it 
is very friable when moist. 
Ap2 3-7 1/2 10YR 3/1(m) - 4.5/2(d;; medium silt loam; 
cloddy breaking to weak medium granuler; 
friable; clear smooth boundary. 
From 3 to 4 inches there is a horizontal 
alignment of much of the soil material ; 
appears as small angular fragments, long aals 
horizontal, short axis vertical. On some of 
the planar voio.s separating this material, 
there is a thin coating and bending of 
lighter colored grains. The material itself 
is not strongly pedal but are fragments broken 
from massive clods. This tends to correspond 
to a more recent plow pan. Old plant remains, 
roots, etc. are oriented some 20-30° from 
horizontal along with the lineetion of soil 
materials. In the clod formations the fine 
roots tend to go on the outside rather than 
through the clods. There are various sized 
holes and channels in so me of the larger ped 
units. In one clod, about 1", there is a 
chamoer, round 6 mm. diameter, with rather 
smooth walls and ne-r the bottom is a small 
pile of egg-shaped particles 1 mm. in diam­
eter. This appears to be an earthworm 
chajiiber with a few faecal pellets. The color 
in this horizon is quite uniform, appears to 
be very little mixing. 
A3 7 1/2- 10YR 3/1 (m) - 4.5/2(d) matrix with mottles of 
11 1/2 10 YR 4/2(in) - 5/3.5(d); silt loam; moderate 
fine subangular blocky; friable; clear smooth 
boundary• 
Zone of mixing. Coatings of darker material 
carry down over and surround lighter colored 
interiors in lower part. In uvper 2" there 
are light colored spots surrounded by darker 
colored materia^. Kassive tendency decreases 
with depth. The loi.er several inches com­
prised of units 5-7 mm. across. These are 
sucangular blocks, some break to smaller 
units when handled (2-4 mm.). The inclusion 
of lighter colored material in upper 2" has 
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random orientation. Browner portions show no 
general orientation, just globs. Roots tend 
to pass through this material in nearly verti­
cal direction. In lower part the brown mate­
rial has more vertical orientation as though 
silty material in old root channels or worm 
holes. T;;o types of contrasting aggregates 
in this mixed zone. Subangular blocks welded 
together and having irregular spaces and re­
entrant angles. Others are massive fragments 
(which would be described under term subangu­
lar blocKy), tend to have smoother, flatter 
surfaces, some sharp angles, some nicely 
rounded edges. These look like blobs or 
masses that have been placed, then flattened. 
They appear to be more dense and perhaps more 
uniform throughout their mass. 
31 11 1/2- Do minant 1 y 10YR 4/&(m) - 6/3(a) with lighter 
16 spots 10YR 5/3 (m) - 6/4 (c'; and some dark mate­
rial 10YR 3/l(m) - 4/l(d); silt loam; moder­
ate fine and medium subangular blocky; fri­
able; gradual smooth boundary. 
Lighter colors domine te, quite a few clar;-;. 
splotches and streams of darker material 
appears to have come down root channels and 
then was squashed out of place and now coats 
the channels. Oriented mostly in vertical 
direction. Severer large cavities 1" across, 
slightly flattened in vertical direction. 
The cavity lining is reasonably smooth, no 
particular filling of material. Structure 
units are medium end fine subangular blocks 
composed of smaller fragments, 3-5 mm., end 
so me single grain material 1-2 mm. Horizon 
has numerous nearly vertical channels which 
appear to be from less than 1 to 3 mm. Ellip­
soidal pel-Let fillings, usually not continuous 
more t:;en 1/2" or so. 3[..all quantity of mas­
sive type materiel like in horizon above. 
i-jDSt ere aggregates of porous material, many 
holes and channels going through peds, almost 
multi-directional. 
321 16-21 Thin, spotty high contrast silans 10YR 5/3(m) 
?/2(d); matrix dominently 10YR 3/^(m) - 5/4 
(d) with some spots of 10YH 4/3(m) - 6/5(d) 
and 10YR 2.5/1'm) - 4.5/l(d); silt loam; 
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moderate fine and medium subangular blocky; 
friable; gradual smooth boundary. 
Very first beginnings of silans. They are 
rather weekly expressed. Larger peds break­
ing to smaller ones, find many re-entrant 
angles on smaller unitS. On downward facing 
portions of ped faces their are some silans • 
This horizon is beginning of a weak prismatic 
tendency of the material. The first breaking 
apart of soil is into prisms about 111 across, 
but not well formed, shot through with holes. 
A lot of the vertical orientation is followed 
by roots and worm channels. There is hori­
zontal cleavage within these prisms which 
gives subangular blocks 1/2-5/4" in size. 
As these dry, they break down to subangular 
cloc..s 1/2-1/4 " in size- The upper part of 
horizon has many more smaller units, almost 
angular blocks which are 2-4 mm. These tend 
to comprise the single grain material in this 
horizon as it falls apart. In the dry condi­
tion about 95% is weak prismatic, then falls 
apart to 70,J larger subangular blocks, the 
rest in smaller blocks and perhaps 5-10,. of 
single grain material. Prisms here are 
weakly defined and subangular blocks are 
the dominant units. Root channels from 1-4 
mm. are quite prevalent. As the material 
dries the weakly defined prism faces are 
noted to have silans present. They are not 
strongly expressed but do give a lighter 
color to surfaces, keny very fine rootlets 
in this zone, more so than noted anywhere else 
above. 
B22 21-26 Thin, patchy, high contrast silans 10YR 
5/2(m) - 7/2(d); mixed matrix of 10YR 
4/3(m) - 6/3(d) end 10YR 4/4(m) _ 5/4(d); 
silt loam ; very weak prismatic breaking to 
moderate medium subangular blocky; friable; 
a erupt smooth boundary . 
Kottied zone with silans on major ped sur­
faces • Along the main vertical planar voids 
the peds break out in units 1/2-1/411 and many 
reduce to 3-6 mm. sizes; all are subangular 
blocks. Tendency for prismatic structure 
in the larger units which again have hori­
zontal cleavage and break to subangular 
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blocks. The prisms appear to be 1-2" across, 
cannot be traced continuously for any depth. 
There are many vertical channels still con­
taining roots, channels are 2-4 mm. across. 
Where roots go down through middle of peds 
the walls are smooth but are not coated with 
silans. These appear to be restricted mostly 
to ped surfaces. One series of peds traced 
for 2" are about 1/2" diameter, rounded, as 
if a long cylinder filled with material that 
is much the same as the including material. 
Channel wall is noz distinguishable from 
other ped surfaces. Overall pattern of 
silans is one of horizontal banding as though 
wave fronts moving down through this material 
and the coatings are distributed in cavities, 
on concavities and convexities where they 
might be expected to silt out with vater 
movement. The bottom 211 of horizon is begin­
ning of stronger prismatic structure, but 
still has horizontal cleavage and prisms 2" 
across break readily into segments about 
-3/4" high, giving overall medium to large 
subangular blocks. These often break down 
to subangular blocks 6-8 mm., some a little 
larger. Moving into prismatic zone the 
silans are more noticeable; concentrated on 
prism faces. Some clean grains inside, but 
they are negligible compared to those out­
side . Where breaking to smaller blocks the 
silans extend into the prism along these 
voids. kottling in this horizon is rather 
weak, spots of stronger yellowish brown mixed 
with lighter crown or grayish brown matrix. 
Mottles are very fine, commonly are diffuse 
and many of them so that matrix color is a 
combination of the very fine mo tolas and 
matrix, the whole being; coated with grainy 
gr*y silt grains. A few small areas of 
accumulation of dark material, organic or 
from surface, which has been carried or 
washed into this horizon. The material is 
fairly firm wrien dry, quite friable when 
moist and creaks readily to blocks with 
pockets of silans noted on the irregular sur­
faces of peds. It should be mentioned that 
one Is. rge vertical planar void extends from 
2411 right up to surface, crosses the tray at 
3-5,,; slope from vertical and it is along this 
major plane that many of the smaller peds are 
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picked out. In general these large planar 
volas in vertical direction are not well 
noted when digging a. moist soil profile, but 
become more evident as the soil dries out 
in a tray. 
A2b 26- Thick, continuous, high contrast silans 10YR 
29 1/2 6/1(m) - 3/2(d); mottled matrix of 10YR 
5/3(m) - 6/3(d) and 7.5YR 3/4(m) - 4/4(d); 
silt loam; weak to moderate fine prismatic 
breaking to moderate medium subangular and 
angular blocky; friable; abrupt smooth 
boundary• 
Represents the upper portion of prisms which 
have fractured somewhat to subangular blocks 
so that prisms rre not complete integral 
units. Once removed they break readily to_ 
blocks. Matrix is still mottled, silans are 
dominant feature as profile dries, but are 
observable even in moist condition. Some 
flat aggregates look like lumps, no sharp 
edges like other peds, although they were 
rounded masses flattened out in the profile. 
The silans here are quite thick, one can 
scrape many layers of silt before browner 
material underneath shows up. Coating 1-2 
mm. thick in some places. 
B & Ac 29 1/2- Very thick and thic , continuous, high con-
32 1/2 trast silans 10YR 7/1 and 7/2(m) - 8/l and 
S/2(d) ; 10 YR 5/3(m) - 6/3(d) matrix mottled 
with 7.5YR 3/4(m) - 4/4(d) and 7.5YR 5/4(m) -
5/6(d); heavy silt loam to li^ht silty clay 
loam; moderate fine prismatic breaking to 
moderate medium and fine angular blocky; 
slightly firm; clerr smooth boundary. 
Silans are most prominent that I have ob­
served in any soil. The irregular surfaces 
of peds have been smoothed and rounded, now 
coated with these grains; they are very 
white here and continuous. 
32ltb 32 1/2- Moderately thick, discontinuous, high con-
36 trast Bilans 10YR. 0/2(m) - 8/2 and 5/3(d) 
that decrease in degree of expression with 
depth; mixed matrix 10YR 5/2(rn) - 7/2(d) and 
10YR o/4(m) - 6/4(d) with 10YR 2/2(m) -
3/2(d) soft oxide concretions ; medium silty 
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clay loam; weak medium prismatic breaking to 
weak coarse blocky; slightly firm; gradual 
smooth boundary. 
Below 29" the prisms are Integral units, they 
do have angular blocks within them but in 
general the prisms dominate. At 35" the 
prism faces are gray but appear to be flow 
movement - clay skins. The interiors of 
prisms have many root channels filled with 
dark organo-argillans. Looks like a burled 
Bt. Series of grain counts made from the 
silans on the ped surfaces. 
B^2tb 36-44 Thin, spotty, hip-h contrast silans 10YR 
?/3(m) _ 8/U&) and 10YR 6/%(m) - 6/3(d); 
mixed matrix 10YR 6/3(n.) - 8/2(d), 10YR 
5/1.5(m) - 5/3(d), 10YR 5/4(m) - 6/4(d) 
with some 10YR 2/2(m) - 4/3(d) spots and 
some channel fillings of 10YR 3/1(m) -
3.5/l(d); silty clay loam grading to silt 
loam with depth; weak medium prismatic ; 
slightly firm to friable; gradual smooth 
boundary. 
From 25" to 45" (bottom of tray) the pris­
matic structure is well developed, struc­
tural units are tilted from vertical 5-8 • 
Striking feature of material from 26-36" is 
strong dominance of silans to about 33" then 
decrease in intensity. 
B3b or 44-60 Colors similar to a cove but does not have 
Clb strongly expressed silans; changes to soft, 
mushy silt loam at about 53"; tends to be 
weak prismatic to n-srly massive. Material 
below 53" may be C2 horizon. 
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APPENDIX B. SAMPLE CALCULATIONS FOR QUANTITATIVE 
EVALUATION OF CLAY CHANGES 
The quantitative pedogenesis calculations are facilitated 
if a table is set up using the desired relationships as column 
headings and depth increments as row headings. 
The author used the following first three column head­
ings: 1) present weight which is just the measured bulk 
density if all depth increments r-re equal and is relationship 
no. 1 mentioned in the text ; 2) correction fee tor which is 
the ratio of ZrOg in the sample to ZrOg in the reference 
parent material (Zl/Zr); 3) adjusted bulk density which is the 
calculated bulk density of the assumed p^ rent material and is 
relationship no. 2 in the text. 
The remaining columns include in order the relationships 
3 through 11 mentioned in the text plus any one or all of the 
relationships 1% through 15 depending on the clay change rela­
tionships desired by the investigator. 
'me following calculations are from those made for the 
Sunoury i'lat profile. The reference parent material was 
selected as being at the 4-6 inch depth and having a bulk 
density of 1.360 g./cc., 25.60,- <2 micron clay and a ZrOg 
content of 0.0333$. 
Let" us select the sample at a depth of 32 inches which 
has a bulk density of 1.355 g./cc. (Table 13), 30.84,; </ 2 
micron clay (T'acle 15), and a Zr0% content of 0.0314/ (Table 
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14). The sample increment is (46" - 32")/2" = 7, which is the 
7th sample up from the reference parent material. 
These are listed below for easy reference. 
Property Reference parent material Sample 32 
Bulk, density (g./cc.) BDr = 1.380 BD^ = 1.353 
Clay (>1 Gr = c5.60 = 30.84 
Kon-clay (,;) Sr = 74.40 S1 = 69.16 
ZrO^ ( %) Zr = 0.0333 Z± = 0.0314 
Sample increment 1=7 
Calculations for Sample at 32 inch Depth 
The number at the left of each calculation is the rela­
tionship mentioned in the text. 
1• Present total weight 
WTi = BD]_ = 1.353 g. 
2. Bulk density of parent material 
3D0 = BDr - 0.0061 
= 1.380 - 0.006(7) = 1.3 58 g. 
3• Original total weight 
WTo = BDo x Zi/Zy 
= 1.338 x (0.0314/0.033 5) = 1-262 g. 
4. Present weight of non-clay 
VJ'3-L = Sx x BDX 
= 0-6916 x 1.353 = 0-936 g. 
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5. Originel weight of non-clsy 
Y/S0 = Sr x 3D0 
= 0.7440 x 1.262 = 0.938 g. 
6. Change of non-clay 
A S — VîSq — V/S]_ 
= 0.938 - 0.936 = 0.002 g. 
7. Clay formed 
vr _ clay density (2.40p./cc.) q 
non-clay density (2.77 g./cc.) A 
= 0.87 x 0.002 = 0.0017 g. 
8. Present weight of clay 
WCj = C^ x BD^ 
= 0.3084 x 1.353 = 0.4173 g. 
9. Original weight of clay 
/;CQ - Cjn X VV TQ 
= 0.2560 x 1.262 = 0.323 g. 
10. Total clay in absence of migration 
TC = \;q0 + FC 
- 0.323 + 0.002 = 0.325 g. 
11. Change of clay 
/sC = .:Ci - TC 
= 0.417 - 0.325 = 0.092 g. 
Vc • Relative clay formation; clay formed per 100 g. non-clay 
in parent material 
RFC = FC/'A'SQ x 100 
= 0.00^/0.938 x 100 = 0.21 g./lOO g. 
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13. Relative clay change per 100 g. non-clay in parent 
material 
RaCg = aC/ivS 0  x 100 
= 0.092/0.938 x 100 = 9.81 g./lOO g. 
14. Relative clay change as percent of original weight of clay 
RACc = ûC/V.rC0 x 100 
= 0.092/0.323 x 100 = 28.5$ 
15. Relative clsy change as percent of present clov content 
(/,) 
R A Cx = AC/I.C1 x C]_ 
= 0.092/0.417 x 30.84 = 6.8$ 
Volume or soil developed from 1 cc. of parent material 
V-j_ = (l cc. x Z1 x BD0 )/( Zr x SD]_) 
= (1 x 0.0314 x 1.338)/(0.0333 x 1.353) 
= 0.0357/0.0451 = 0.791 cc. 
The volume change indicates that at the 52 inch depth 
the assumed parent material only comprises 79.1$ of the 
present volume. The previous calculations indicate that clay 
has migrated into this increment. This additional clay 
dilutes the non-clay fraction and consequently the ZrOp 
values are lowered. Because of this dilution these volume 
changes cased on ZrO% in the whole soil are not thought to 
ce very relevant to an understanding of volume changes result­
ing from soil development. 
